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ABSTRACT 


The objective of this thesis is to formulate recommen- 
dations for the installation of production planning in the 
Brazilian Naval Gun Factory, based upon the study of this 
industrial technique in two United States organizations. 

The plants studied operated on a close time schedule 
during the last war, which means that production planning 
was of major importance in their activity. Every depart- 
ment in the plant was studied to determine how its func- 
tions effect production planning; and these functions were 
also studied in detail. 

Information such as the layout of the plant, type of 
manufacture, methods and standards, processing and flow of 
orders, and industrial relations policy was acquired through- 
out the study, especially when they were related to produc- 
tion planning. 

After the facts were compiled, they were used to es- 
tablish a comparison between the two factories selected for 
Study regarding: 

a) Organization of the enterprise. 

b) Operation of the enterprise. 

c) Forms involved in the enterprise. 
After this comparison a summary of the actual organization 
and operation of the Brazilian Naval Gun Factory was present- 
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Finally, based upon a study of the activity in the 
United States, recommendations were outlined for installa- 
tion of production planning in the Brazilian Naval Gun 
Factory. 





INTRODUCTION 


In Brasil, the peacetime naval industrial activity is 
the nucleus from which & wartime industrial nation must grow. 

The industrial might of a nation is of primary impor- 
tance in its defense. It is therefore indispensable to keep 
the factories up to date on new ideas, as industry itself 
has done in widening its horizons from rule-of-thumb and em- 
pirical methods to precision scientific techniques. 

Not so many years ago the term "industrial engineer”, 
had a limited meaning. However, today the application of 
motion and time study, production planning, production con- 
trol, and plant layout is all included under the title of 

"industrial engineer". 

Many advances in these techniques have been made. Many 
of these advances were reflected in the success of this 
country in World War II. 

The efficient management and operation of the industrial 
activities in my country is a problem of primary importance 
to the Navy and to the nation. 

Án important part of this problem lies in the introduc- 
tion of industrial engineering in the Navy's factories. 

Developments of the last ten years have brought the In- 
dustrial Engineering techniques to the forefront in industry 
throughout the United States. 

The purpose of this thesis is to develop a procedure 


for introducing Production Planning in the Brasilian Naval 
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Gun Factory, based upon a study of this activity in the 
United States. 

As plants have expanded, the importance of production 
planning has become more apparent. In order to have an ef- 
ficient production planning system it is necessary to know 
all the factors effecting the planning function and to know 
in advance what problems may arise that will tend to de- 
crease production. 

Factors such as volume of production, equipment avail- 
able, layout of the plant, factory organization, and process- 
ing of orders must be known before these problems can be 
corrected. 

These factors can be most easily found by analyzing the 
production planning system according to a definite procedure. 

As part of this investigation a procedure was outlined 
for obtaining the necessary information from manufacturing 


plants. 
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PREPARATION OF THE ANALYSIS PROCEDURE 


The preparation of the analysis procedure consisted of 
making up a list of items which covered all the normal duties 
of a production planning division. Some items are of a very 
general nature. Their principal purpose is to obtain informa- 
tion which will show how the production planning system car- 
ries out its assigned functions. 

In order to have an efficient production planning system 
it is necessary to know all the factors effecting the produc- 
tion planning division. 

These factors include: 

a) type and volume of production 

b) equipment and facilities available 

c) layout of the plant 

d) plant organization 

e) procedures followed in the production planning 

division. 

These factors can be most easily found by analyzing the pro- 
duction planning system used, according to a definite proced- 


ure. 
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PROCEDURE FOR INVESTIGATING "PRODUCTION PLANNING" IN 
THE AMERICAN INDUSTRY 


First Part. 
Determination of the Organization of the Industrial Enter- 


prise. 
a) Structure of Organization. Organization charts. 


b) Line of authority, degrees of responsibility, and 
corresponding duties in the organization. 

c) Position of production planning in the organization. 

d) Communications between the production planning func- 


tion and other branches of the organization. 


Second Part. 


Determination of the Method of Operation of the Industrial 


Enterprise. 
a) Manufacturing methods. 


b) Plant equipment. 
c) Layout of the plant. 


Third Part. 
Study of the paper work involved in production planning in 
the Industrial Enterprise. 
a) Standard process-sheet 
b) Process chart-product anelysis. 


c) Operator instruction chart. 
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APPLICATION OF THE PROCEDURE 


The proof of the usefulness of any procedure lies in its 
application to the task for which it is designed. 

In order to validate the procedure, it was necessary to 
carry it out at the factories selected for study. 

Two factories were selected, each for the following rea- 
sons: 

First - The author was familiar with the activities, 

Second- The type of work done by the activities was simi- 
lar. 

Third - The type of work done was similar with the work 
performed in the Brazilian Naval Gun Factory. 

Fourth- It was possible to get information from these 
organizations about a topic that is highly 
confidential. 

The U.S. Naval Gun Factory is a shore establishment 
controlled by the Bureau of Ordnance. 

The mission of the Gun Factory is to design, develop, 
manufacture, assemble, inspect and test ordnance equipment 
and also to serve as a source of prototypes of new weapons. 

The accomplishment of its mission requires large engi- 
neering and research staffs. 

The National Forge & Ordnance Co., in Pennsylvania, a 
civilian enterprise partially subsidized by the Government, 


manufactures guns of several calibers and types. 


١ تس‎ rt eräm 
— af m — 
Al e teil trennt que De cido iu To tend adf 
paca 2 dÄ mr eh pi et 57 
7 — 
m — 
— gm وسر‎ a . d 
— — am cim امه‎ 
Ain zen ا‎ apo vg met "emm يوچ دد‎ ral 
ودنه مر )له سو‎ vm مر پچ مد نو خیب‎ 


— 
LA ap a me sd al ها‎ ههس٣‎ 
emm ah CADA py ده‎ cidem dw (Q 




















d dimamah ai ai ووه‎ d meal تسا‎ véi 
a Lis مې عم‎ «iliria 
Ames Gm manalig Lume Ye aza eri 





6. 


A product of these factories was selected, in order to 
make a study as concrete as possible. 

The product selected was the gun barrel. 

The difficulty in getting the confidential information 
necessary for the study was a major problem in this thesis. 





7. 


SECTION ONE 


ANALYSIS OF THE NATIONAL FORGE AND ORDNANCE COMPANY 


l. History. 
The National Forge and Ordnance Company, in Irvine, 


Pennsylvania, makes guns as one of its outstanding products. 

"In May, 1914, Clinton E. Wilder, who was then superin- 
tendent of a machine shop in Erie, Pennsylvania, formed a 
partnership with Fred McCoy, a machinery salesman, and Frank 
Gillespie, who owned a small machine shop located in the rear 
of his residence, to manufacture a metal cutting drill which 
had been ínvented by Mr, Wilder. 

"As the prospects of building a successful business 
looked promising, and since the partners wished to expand 
into a broader field, a new building was procured and machin- 
ery purchased suitable for machining a variety of light forged 
products. These were principally hollow-bored forgings, such 
as various types of spindles, shafts, and rolls. The forgings 
were purchased from a local Erie source. 

"In 1916 it was decided to make, rather than buy, the 
forgings which were necessary in their business. At this par- 
ticular time difficulty was being experienced in obtaining 
forgings due to the war in Europe, which this country entered 
in April, 1917. 

"As a result, the Irvine Steel Forge Company, located on 


the present site, was purchased. 
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"The machine shop in Erie continued to operate for appros- 
imately one year after the purchase of the Forge Plant at Ir- 
vine, after which time all operations were conducted in Irvine. 

"With the entry of the United States into the first world 
was, expansion was started. 

"A heat treating plant was erected and new machinery added 
to enable the Company to better meet the requirements of its 
customers. 

"In 1926 full ownership of the Company passed into the 
hands of Mr. Wilder and the name of the Company was changed 
from The Natinnal Forge and Tool Company to The National Forge 
and Ordnance Company. 

"The steady growth of this organization has been firmly 
founded in the reputation for quality NFO products have gained 
&mong users of heavy duty forged products. 

"The past of the Company represents years of hard work to 
earn &nd maintain the position it has achieved. 

"The history of the National Forge and Ordnance Company 
covers more than thirty years of interesting and impressive 
growth. 

"For years the organization has been supplying the indus- 
trial markets of the United States and those abroad with heavy 
duty steel forgings, crankshafts, tubes, shafts, ingots, bil- 
lets, ordnance materials and many other types of forged steel 
products," 
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l - "A Manual for Employees" - National Forge & Ordnance Co., 
Warren, Penna. 
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2. Factory Location. 
The factory is located in Irvine, Warren County, Pennsyl- 


vania, centrally placed with respect to large industrial 


areas, such as Erie, Buffalo, and Pittsburg. 


3. The Market. 
The markets in which the products are sold are classified 
into two types: 
a) The national market. 
b) The international market. 
In the ordnance field the national market consists of 
the United States Armed Forces. 
As an example of the international market we can give 


Brasil, which bought guns during the last world war. 


k. Labor. 

The present, personnel have been buiílt up and organized 
with a keen appreciation of forging craftsmanship.  Conse- 
quently, this organization is composed of approximately 1000 
skilled workers intent on making steel forging their life 
work, 

More than thirty years of forging have developed a wide 
range of experience and an extensive knowledge of how forg- 
ings should be made. 

Labor is drawn from small nearby towns and rural areas. 


It is the policy of the Company to set up and maintain 
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fair wage differentials between jobs in all departments, 
based on differences in their relative requirements in terms 
of skill, effort, responsibility and working conditions. 

À job specification is maintained for every job showing 
the description of duties, the rating of the job in terms of 
the eleven factors used in the Job Rating Plan, the require- 
ments of each factor which substantiates the rating, the 
total points scored, and the corresponding labor grade. 

Án employee receives the minimum of the rate range ap- 
plicable to his particular job classification as soon as he 
is able to efficiently perform all the tasks that may be re- 
quired in his occupation. 

Inexperienced men may be classified as learners. Such 
persons recelve training on the job in one specialized occu- 
pation, under the supervision of their department foreman who 
has the responsibility for their proper instruction. 

A shift premium is paid on the basic hourly rate to all 
hourly rated employees. 

Standard times are established on productive operations, 
under the "wage incentíve plan". 

These standard times have been set with a view toward 
allowing sufficient time to maintain high quality work. They 
are based on time study and experience during a certain period 
of application. They are revised whenever changes in process, 
methods, tools, or machine tools justify such revision. 

An employee or group of employees who have worked on 


operations for which standards have been set, and who have 
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performed these operations in less than standard time, are 
credited with a premium, 
In accordance with established policy, individual rate 
increases are made for the following reasons: 
1 = Merit increases within the established rate range 
applicable to the employeets particular job class- 
ification. 


2 - Individual promotion or reclassification. 





12. 
I- DETERMINATION OF THE ORGANIZATION OF THE NATIONAL 
FORGE & ORDNANCE COMPANY 


a) 
Structure of the Organization; Organization Charts. 

This Company started with a small shop, and only in 1917, 
with the entry of the United States into the war, was expan- 
sion initiated. 

The owner, Mr. Clinton E. Wilder, was the manager or super- 
intendent. All men reported directly to him. He was the man 
who established policies, assigned the jobs to be done, and 
followed up on the jobs for purposes of direction and coordi- 
nation. 

From 1926 on, the company grew steadily, and during the 
last world war the business expanded greatly, reaching a criti- 
cal point in organizational procedures. 

Today, all divisions have been coordinated, and all are 
working toward a common purpose in conformity with established 
policies. 

The Company established a framework of authority and res- 
ponsibility. 

When an enterprise grows in size to a point where one man 
can no longer exercise direct and personal control over all its 
activities, he is compelled to delegate authority and responsi- 
bility to others. 

To facilitate the operation of the organization, consider- 


ation must be given to the appropriate assignment of work; both 
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in terms of manufacturing operations and the abilities and 
specialized skills of available personnel. 

The organizational structure will necessarily vary with 
the requirements of each company, but a planned organization- 
&l structure is indispensable. 

To satisfy this necessity, the various functions of the 
enterprise were outlined and charted in chart Number l. 

The main functions in a manufacturing concern are those 
of engineering, manufacturing, sales, purchasing, industrial 
relations, and accounting and finance. 

In this company the stockholders, through their board of 
directors, selected a president who was placed in charge of 
the formation of the policies of the factory. 

Under the President, we have the principal groups, called 
divisions. 

The organization was built around functions, not indi- 
viduals. The activities were blocked out following a repre- 
sentative chart which carries the major functions normally 
necessary in most manufacturing enterprises. 

The following divisions were omitted: 

a) Industrial Relations. 

b) Industrisl Engineering. 
The functions generally attributed to these divisions were 
placed in other divisions. 

A breakdown of theEngineering Division was made in order 


to locate the production planning function in the organiza- 
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tion. A breakdown of the Manufacturing Division was also 
made in order to show the communications between the produc- 
tion planning group and the several branches of the manufac- 
turing division, as well as the paper work used by production 
planning. 

Using these charts gives us an idea of how authority and 
responsibility are carried down to supervisors, foremen, and 
group leaders. 

Seven persons report directly to the president. 

The general superintendent, head of the manufacturing 
division, has under him four departments? personnel, material 
control, production services, and production. He has one 
assistant who works as General Superintendent on the night 
shift. 

The Financial Division has two main departments, one of 
which is headed by the comptroller and the other by the Treas- 
urer. 

The Purchasing Division takes care of all inventories ex- 
cept the steel scrap inventory. 

The Testing Machines Division is a new division under the 
control of a "Chief of Design", with the purpose of manufac- 
turing testing machines for tension, compression, flexure and 
shear. 

The Engineering Division, responsible for the preparation 
of engineering data and drawings, is sub-divided into two de- 
partments, Design and Production. These will be studied later. 
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The Sales Department is divided into Estimating and 
Scheduling, which are under the supervision of two sales 


manager's assistants. 
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b) 
LINE OF AUTHORITY, DEGREES OF RESPONSIBILITY AND 
CORRESPONDING DUTIES IN THE ORGANIZATION 


The Overell Structure 





Under the President we have the following divisions: 
1) Sales. 
2) Engineering. 
3) Testing Machines Design & Development. 
4) Purchasing. 
5) Sales Invoicing. 
6) Finance. 
7) Manufacturing. 
To the assistant secretary was delegated the responsi- 
bility for carrying out sales invoicing. 
The separate divisions are subdivided into departments, 


each with a designated head. 


Sales 
The sales division is divided into two departments: 
1-1) Estimating. 
1-2) Scheduling. 
This division also includes personnel quelified for advertis- 


ing, selling, customer relations and market surveys. 


Engineering 


In this case, the products require a large amount of re- 


search and engineering, and a separate engineering division 
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reporting directly to the president is justified. 
The division is subdivided into: 
2-1) Design department. 
2-2) Production department. 
The Production department is subdivided into: 
2-21) Standard Product section. 
2-22) Ordnance and special section. 

Each department serves a designated function, and all 
are coordinated in their activities by a "Chief Engineer" 
as head of the division. 

The "Design" department has as its duties: 

2-11) Preparation of engineering data. 

2-12) Design of the Product. 

2-13) Preparation and maintenance of drawings, 
models, blueprints, and specifications. 

2-14) Product simplification. 

2-15) Standardization. 

2-16) Technical instruction. 

2-17) Preparation of bills of materials. 

2-18) Research. 

The engineering data include calculations pertaining to 
the performance of the product, its strength characteristics, 
operating speeds, permissible load, life, etc. The depart- 
ment also prepares specifications for lubrication, servicing, 
and replacement of parts. 

Drawings are prepared for each part, sub-assembly, or 


assembly; and serve as the foundation of all instructions 
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issued to the manufacturing units, as well as indicating all 
necessary dimensions, tolerances, clearances and specifica- 
tions. 

The plant does not have an "Industrial Engineering" div- 
ision, but the functions are distributed among the other div- 
isions. 

It should be noted that the chief engineer has a large 
amount of work to do and great responsibility. He does not 
have industrial and plant engineers to help him handle the 
technical problems of manufacture. 

The chief engineer devotes only part of his time to the 
research work of the enterprise. In this factory, where the 
amount of research is not great, and is under the supervi- 
sion of the chief engineer, each manufacturing unit does its 
own research development. Each research unit is concerned 
with problems and projects pertaining to the particular manu- 
facturing unit with which it is affiliated. 

The other important department of Engineering is called 
Production, which is sub-divided in two sections: Standard 
Product, and Ordnance and Special product. 

Under the supervision of the chief engineer, the produc- 
tion department has as its duties: 

2-21) Development of manufacturing procedures. 
2-22) Analysis of operations. 
&) Standard process charts. 


b) Machine load sheet. 


ic» paidia oa Lont سر سورس ضحم ویمرم‎ — 
bes ond a PINE , e 

it "amgang? Leu? a evsé zët atat quale zéi 
پږې-‎ viage m apa eri mg rafen ano and hak 
و‎ 

md abun 31‏ ووي ولد دت ولو nal sancion‏ 4 سب 

با سه عه م٨‏ وه وجه aen van et.‏ 

«ss ite obt با دلب‎ Jegen m 
ruso bres ko spider desidia? 

«it ej meiu ati Te yug VAR spamni ووو‎ teika AST 
oN etre qora? am Q mam له‎ Xe 27غ موم‎ 
rus et wegen 85 ka geen سه‎ Al م٠٥ جټ‎ 
ki rm مسا مسسترهوموني ورد‎ ¿nipa helio څل دد بت‎ 
ame sma دوسښجا. ۸وا خهوسوسټ معاد ل‎ Pressot asi 
— وه« شر بد مهف ومصمحاستنه‎ Sinn "ag وله سصصلجب‎ 
Kiera ¥ E md made dias مغدم‎ 


"—— cr E ` 
کو غه دمه ممجښاما ساسا‎ A 
e امعم سا نموم سا جپوسئ بو‎ 
E a tat 
ondo 0] 0 eod Angol 
— Duel ٨ی هس وسوا‎ [Lu m 
—k playlest دا‎ 
ceps eng mere ta — 
LN RS NJ h 


19. 


c) Operators instruction charts. 
2-23) Determination of Time Standards. 
(ا2-2‎ Work Simplification. 
2-25) Improvement of existing procedures. 
2-26) Preparation of orders. 


2-27) Layout. 


Purchasing 
All purchasing is channelled through one agency, the 


purchasing department, under the supervision of the purchas- 
ing agent. All vendors inquiries and contacts, as well as 
purchasing commitments, are arranged through the purchasing 
department. This centralization of purchasing has the fol- 
lowing advantages: more efficient ordering of materials, 
elimination of duplication of effort, and simplification of 
procedures. The purchasing agent of the company ín this 

type of organization should be able to deal with vendors on 
technical details, and he should be familiar with the markets 
that supply the materials. 

The types of inventories controlled by the purchasing 
agent are: raw materials, tools, purchased parts, finished 
goods, and in-process inventories. These inventories are 
also under the "Comptroller," who is head of the finance 


division. 


Sales Invoicing 
Sales invoicing is a division entirely separate from 


sales, having as its head an assistant secretary reporting 
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directly to the president. 


Finance 

In order to obtain better supervision of its two sections, 
the Finance Division is split up under two division heads, 
the comptroller and the treasurer. 

The accounting department assumes responsibility for the 
general and control accounts of the company. The "costs" 
section includes the recording and analysis of all costs per- 
taining to the operation of the company. Under the treasurer 
is the credit section, which takes care of credit ratings for 
customers. Accounts payable and receivable are divisions of 
&ccounting. 

The Department of Taxes and Government Controls is sig- 
nificant because of the many federal taxes that affect the 
company’s earnings. 


The payroll section is under the accounting department. 


Manufacturing 
The General Superintendent is in charge of all depart- 


ments directly related to the manufacture of the product. 
Reporting to him are the heads of the following departments: 
7-1) Personnel. 
7-2) Material Controls. 
7-3) Production Services. 
7-h) Production Departments. 
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21 
STRUCTURE OF THE MANUFACTURING DIVISION 


It may be observed that in this company many more func- 
tions are placed under the General Superintendent than in 
other industrial organizations. 

In the production department each foreman is responsi- 
ble for approximately 120 men. 

The assistant superintendent works as a general superin- 
tendent on the night shift, but in the line of authority he 
is under the general superintendent. 

In the personnel controls department is included the 
function of Industrial Relations, which today represents an 
important part of industrial management. The human aspects 
of business are coming more and more to the foreground in 
industrial organizations. 

The Personnel Section'!s duties are: 

7-11) Employment. 
7-12) Wage administration. 
7-121)Job evaluation. 
7-122)Merit rating. 
7-13) Seniority. 
7-14) Job bidding. 
7-15) Vacations. 
7-16) Leaves, Layoffs, Transfers. 
7-17) Terminations. 
7-18) First aid. 
7-19) Weekly news bulletin. 
The Plant Security Section makes every effort to safe- 
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guard all operations. Dangerous machines are provided with 
guards. Most accidents are caused by using defective tools, 
disregarding safety instructions, or neglecting to use safety 
appliances. Elimination of carelessness, and attention to 
safety instructions is the goal of this department. It has 
under its jurisdiction: plant guards, plant safety, fire pro- 
tection, maintenance of buildings and grounds, trucks, bull- 
dozers, and janitor service. As a matter of policy every em- 
ployee is considered a member of the Safety Organization, and 
violation of safety instructions may be followed by disciplin- 
ary action, even though the particular violation does not re- 
sult in an accident. 

Another important division in the company is called 
"Material Controls" and can be compared with "Production Con- 
trol", which is in general a department of an "Industrial 
Engineering Division". This material controls division is 
sub-divided into five departments: 

7-21) Production Scheduling. 

7-22) Yard and Production Material. 
7-23) Supply stores. 

7-24) Final Inspection. 

7-25) Shippinz. 

This factory does not have a separate production control 
division, however there is coordination between the various 
activities based on the principles of production control. In 
the production department however, we have the majority of 


the organs of a production control system. The position of 
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this department under the Manufacturing Division is sound 
because "Production Control", as a phase of an industrial 
program,is concerned with the problem of coordination of 

the elements of production: labor, material, and production 
facilities. In this factory, such elements as labor, produc- 
tion services, materials and production sections are under 
the supervision of the General Superintendent @ the "Manu- 
facturing Division". 

The Production services are divided into: 

7-31) Quality Control. 

7-32) Mechanical Maintenance. 

7-33) Electrical Maintenance. 

7-34) Welding and Cutting tools. 
Quality control is not only involved with the setting of the 
necessary standards of product quality but also with the es- 
tablishing of an organization and the procedures for suffi- 
cient inspection and control to maintain those standards 
effectively. In other words, they keep the scrap pile as low 
as possible. In the production of a gun, where the forging 
costs about $450.00, and the gun barrel about $2,700.00, it 
is easy to understand the importance of avoiding production 
interruptions because of poor quality. 

There is a tendency in this factory away from manual and 
toward mechanical inspection. In this, the field of electron- 
icg has tremendous possibilities in the control of quality 
of guns. In this factory the fínal inspection of all products 
before shipment is done in à section subordinate to the mater- 


ial controls department. All other kinds of inspection during 


es 


umen pdt‏ عجنۍ دله سورب IL‏ 0 مسل 
raaa m a a s a Prd colder! aad‏ 
"à solae (^ eniin sd Ab‏ 
ليه Ta ¿mba‏ مهوا mimara PAR (Sieger véi)‏ 
ago i a maids ima aai bida oE täteg‏ 
na e n e A «e E‏ ا 
یوو رامت بت اک اسسسا هپل اجاوو د تلم M‏ 
"upapa vi peraga)‏ - = 
paket BOLTS" ri enn inner s‏ 
eet (eae ike 0‏ 
rengen elmo ٤۸٤ —‏ 
٤ á‏ شرم aan pu sh‏ 

aioe anim me lale اشنا‎ 

ike û dibe imrverüi qiie dn wo bepAntO‏ ود تم 

~s púl itis cmo frm 17 Leg HE e aA aoe 
-Nue vw crassa pi ise ښداستاس‎ mm ته‎ Yo ADAM LANE 
هوول‎ UBI 
EE s) 
مې بد اب رايو‎ ¿Dd VA AMA AA gf — peti iem os 
$ OLI, ota bra ma w& MY (ERA mea cem 
salame uiton Io prarepi m was... s) aab BÍ 
OLLA wes — mmm nd 

می له »سا لم laosa sm" gem poast ali:‏ ود 
mansis do «Ladd ote joked el seul inay! [aninda Amit‏ 
ئیو له ١‏ ١وسواسه‏ مستا یدود نت اه جروا ۱۵ tii eue‏ 
"A8 EI wm A‏ اننم م Jeet)‏ !رنف < ملد اده 
Se ee‏ 
To Shield sentar Liz ,Swmamiyaqwh aloyiuwoq LAP‏ ام ميو 


2L. 


Ate 


the manufacturing process i» under the responsibility of the 
Production Department. 

The Quality Control Section of the Production Services 
Department is concerned with principles and techniques used 
to achieve the degree of quality desired with the aid of three 
laboratories: 

7-311) Physical Laboratory - (Metallurgy). 
7-312) Chemical Laboratory - (Chemical Analysis). 


7-313) Testing Laboratory - (Testing for Physical 
Specifications). 


The Mechanical Maintenance Section is concerned with: 
7-321) Machine repair. 
7-322) Materíals handling repair. 
7-323) Boilers and Plumbing repair. 
7-324) Yard and Buildings repair. 

The Electrical Maintenance Section is responsible for the 
upkeep of all electrical equipment, including electrical fur- 
naces and power sub-stations. 

The Production Department is one of the most important 
in the organization. It is composed of five shops: 

7-41) Melting Shop - steel production. 
7-42) Forge Shop - press and hammer forging. 
7-43) Heat Treat Shop - all types of heat treatment 
except flame hardening. 
7-44) Flame Hardening Shop - Flame hardening. 
7-45) Machine Shop. 
The Machine Shop is divided into four groups: 
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7-511) Roughing Group. 

7-512) Boring Group. 

7-513) Finishing Group. 

7-514) Gun Group. 
The production foremen are the heads of the shops and are 
directly below the General Superintendent. The heads of the 
machine shop groups are assistant foremen, and are directly 
below the machine shop foreman. The foremen are responsible 
for personnel, quality, and production quantity within their 
departments. They are almost free of clerical work, thus 
they are free to handle the mechanical problems that arise 
daily. 
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Procedure followed in the Study of the Organization: 
1) Determination of the type of organization. 


In the National Forge & Ordnance Co., the type of 
organisation is one combination of line and staff. 

2) Preparation of the charts of interest to our study. 
Three charts were of interest: 

2-1 =- The General plan of the organization. 

2-2 - Breakdown of the functions of the Manu- 
facturing Division. 

2-3 - Breakdown of the Engineering Division, to 
show the position of the production plan- 
ning function in the organization. 

3) Determination of the number of top-level supervi- 
sors reporting to the next higher level. 

k) Separation of the staff functions from the line 
functions. 

5) Determination of the number of departments in each 
division. 

6) Determination of the number of sections in each 
department. 

7) Evaluation and presentation in a simple manner of 
the duties and responsibilities of each key posi- 


tion. 
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c) 
POSITION OF THE PRODUCTION PLANNING FUNCTION 
IN THE ORGANIZATION 


Production planning is the procedure for drawing a com- 
plete process sheet, starting from a description of the pro- 
duct to be made and a knowledge of the approximate volume 
required. 

Production Planning is the design of a process. 

In the engineering department, under the "Chief Engi- 
neer", and with the name of "Production", is located the 
function called production planning. The Chief Engineer is 
then the man responsible for production planning in this 
company. By studying the work performed in the department 
and by consulting the chief engineer, the main functions per- 
formed by production planning within the organization were 
arrived at. These are: 

1) Determination of manufacturing processes. 
2) Analysis of operations. 
2-1) Help in preparation of the standard pro- 
cess charts. 
2-2) Estimate of cost. 
2-3) Help in preparation of operators instruc- 
tion charts. 
In the functions already established by this department in 
the factory in study, the chief engineer decides what has 


to be done and where, when and how it is to be done. 
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CHART NUMBER 3 - Breakdown of the Engineering Division to 


Show the position and functions of produc- 


tion planning in the organization, 
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In this phase of planning the product is analyzed 
according to its component parts, and the required manu- 
facturing operations are listed in order to foresee the 
sequence of steps necessary for its completion. The analy- 
sis of operations will aid in obtaining the best possible 
process before beginning the work. 

In this factory, plant layout is also under the super- 
vision of the chief engineer and is done in the production 


department. 
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d) 
COMMUNICATIONS BETWEEN PRODUCTION PLANNING AND OTHER 
BRANCHES OF THE ORGANIZATION 


A functional analysis of the National Forge & Ordnance 
Company organization was made with the purpose of determin- 
ing the lines of communications between the Production plan- 
ning function and the other brenches of the organization. 

To get an idea of the communication between the production 
planning function and the other branches of the organization, 
the best thing is to follow a "Sales Order" from the time it 
is received in the design department to the time it goes to 
the shop. 

After receiving the sales order, the design department 
prepares the bill of materials and drawings and makes copies 
of them. 

The originals of the drawings and bill of materials are 
filed in the design department. Before filing the originals 
however, copies are made of the bill of materials and draw- 
ings and are sent to the office of the chief engineer. In 
this office are also received the standard process sheets, 
operator's instruction charts, machine load sheets, and job 
orders, all of which are prepared in the production depart- 
ment and a file kept. 

With the biueprints, bill of materials, standard process 
sheets, operators instruction charts, machine load sheets and 


job orders on hand, the chief engineer forwards them to the 
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manufacturing division. 

From the office of the general superintendent of the 
manufacturing division these data are sent to the material 
controls department, production services, and production 
departments. 

The Material Control Department receives the "Machine 
load sheet". Production services can obtain, when necessary, 
operators instruction charts. 

The shops of the production department receive: 

a) Blueprints. 

b) Bill of Material. 

c) Standard Process Sheet. 

d) Operator's instruction charts, when necessary. 

e) Job order. 
As was mentioned before, the items (a) and (b) were prepared 
by the design department and the items (c), (d), and (e) were 
prepared by the production planning department, both under 
the supervision of the head of the engineering division. 
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II - OPERATION OF THE NATIONAL FORGE & ORDNANCE COMPANY 


a) 


MANUFACTURE OF THE PRODUCT 


2-1 - Introduction 

One of the most effective weapons in the last world war 
was the 5 inch 38 calibre gun. This weapon, a masterpiece of 
naval ordnance, and a long-time standard on many naval ves- 
sels, was designed as an anti-aircraft weapon but at the same 
time it is very effective against surface targets and eneny 
land installations. 

In order to obtain the accuracy of which the gun is cap- 
able it is necessary to work to limits usually found only in 
small precision parts. An error of only one minute of are is 
permitted in the training mechanism. The lateral movement of 
the mount in the training bearings must be held to within 
.002 to .004 inches. The elevating arc and pinion are held 
to a backlash of from .0015 to .0025 of an inch. 

2-2- The manufacturing process will be studied in three 
distinct parts: 

2-21- Manufacturing of the ingot. 
2-22- Manufacturing of the gun barrel forging. 
2-23- Manufacturing of the gun barrel. 


2-21 Manufacturing of the ingot 


a) Layout of the plant - Figure No. 1 
Ref.: 
b) Drawing No. 1 


The National Forge & Ordnance Co. makes its own steel. 
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As a result, it is able to control the quality of its steel. 
It has installed Basic Electric Furnaces for melting the 
steel, because the electric furnace has very definite advan- 
tages over other steel melting methods, such as more uniform- 
ly high quality. By the electric method it is possible to 
hold the chemical analysis within close limits. Cleaner steel 
can thus be produced, and lower sulphur and phosphorous con- 
tents can be obtained., 
No steel is poured until the chemical laboratory has 
checked the analysis of the batch and approved it. 
Every half hour after the charge is melted a carbon test 
is made. 
The chemical composition of the steel required to make 
the 5"/38 gun barrel is as follows: 
Carbon .34 to 40% 
Manganese .58 to .68% 
Phosphorus .03% (maximum) 
Sulphur .03% (maximum) 
Silicon .20 to .30% 
Chromium .80 to 1.10% 
Molybdenum .20 to 30% 
Nickel .30 to .45% 
The important characteristics of this steel are: 
a) Unusual ability to resist attack by corrosive media 
at atmospheric or abnormal temperatures. 


b) Unusual strength at elevated temperatures. 
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The melting furnace is of the electric arc type. The 
electricity is purchased from the Pennsylvania Electric Co. 
The incoming lines bring the power to the substation at 3- 
phase, 33,000 volts where it is then transformed to 1657 
volts for furnace use. The furnace runs one shift approxi- 
mately 8 hours per day, five days per week. It produces two 
heats each shift and four ingots. The furnace must be oper- 
ated at night to concerve on the demand from the electric 
company. 

The ingot heating soaking pit, re-heat furnaces, pouring 
pit, and hydraulic ingot stripper are other component parts 
of the equipment in this shop. 

The furnace charge is made up from the material in the 
bins, and placed in chutes for a side door for charging the 
furnace. The charge is weighed on the platform scales to ob- 
tain the correct amount. 

The charge is melted and an analysis is made for the 
chemical laboratory. After the anelysis, the correct addi- 
tion of alloys is made and the charge is refined. The charge 
is then poured into a ladle and from there into the ingot 
moulds located in the pouring pit. 

After the steel has cooled sufficiently in the mold, the 
mold is stripped from the ingot by means of the Hydraulic 
Ingot Stripper. The ingot is then placed in the Heating Soak- 
ing Pit to be heated to forging temperature. 

After the ingots are heated to forging temperature they 


are removed from the Ingot Heating Soaking Pit with pit tongs 
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suspended from the Press Crane and placed in the 1250 ton 
High-Speed Forging Press. 

In the manufacture of a gun barrel the ingot must have 
sufficient weight to make the forging, and 10% extra for 
heating loss, 5% for bottom crop and 20% for top crop. Crops 
are the ends of an ingot containing defects which are cut off 
and discarded. 

The ingot should be large enough to give a good reduction 
when forging. The 253", 17,500 pound corrugated ingot is 
shown on drawing No. l. 

The ingot from which the 5"/38 gun barrel is forged is corru- 
gated to the shape of an octagon. A tong hold is left at the 
top of the ingot to assist in handling. 


2-22 Manufacturing of the gun barrel forging. 
a) Layout of the plant - Figure No. 1 
ا‎ Drawings Nos. 1, 2, and 3. 

After the ingot is poured and allowed to cool it is placed 
in a suitable heating furnace and heated to forging temperature 
(approximately 2,250 degrees Fahrenheit). It is then allowed 
to soak until the heat is uniform.  Soaking accomplishes the 
attainment of uniform temperature throughout the piece. 

The ingot is then removed from the furnace. One end is 
gripped by the jaws of the 10,000 pound straight line manipu- 
lator and the ingot is forged to a 193" octagon in a 1,250 ton, 
open-die, High-Speed Forging Press. The 194" octagon is placed 
in the re-heating furnace and reheated to forging temperature. 


After the 194" ingot has again been heated up to forging 
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temperature and soaked until the heat is uniform it is with- 
drawn from the reheating furnace, placed in the press, and 
forged to the final sizes given on the final forging drawing. 
The forging is then buried in ashes and allowed to cool slow- 
ly. When cool, the forging is taken to the cold saw and an 
etch disc cut from each end. The dise is then etched in acid 
and examined for inclusions. 

The disc is one inch thick, machined and polished on one 
surface, and then etched with hot diluted hydrochloric acid. 
The examination of the dise is done under a microscope to de- 
termine whether the steel contains any non-metallic inclusions 
or defects that could be injurious to the gun barrel. 

In the hydraulic forging press the pressure is applied 
slowly, allowing time for the flow of metal, and the effect 
penetrates deeply into the metal. 

This proper forging technique will consolidate the central 
ingot metal and avoid internal bursts or tears. Tears are rup- 
tures caused by pulling metal apart. Bursts are internal dis- 
continuities caused by improper heating, cooling, or forging. 

The operation must be performed in such a way that a sat- 
isfactory direction of flow lines will be developed, and the 
ingot axis maintained in a favorable relation to the final 
forging contours. 

The ingot is taken to the Hydraulic Forging Press by an 
overhead crane. To make the forging solid, the ingot is there 
forged down and drawn out by repeated workings. The forging 


operation is discontinued when the ingot has cooled to about 
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1800 degrees Fahrenheit. 

The method used produces a forging whose length is con- 
siderably increased by reducing the section and simultaneous- 
ly elongating the ingot. The working for reduction or shaping 
takes the form of a locally applied force which displaces the 
metal under compression, after which it is relieved and a new 
portion subjected to the working force. 

The pressure exerted on the metal may vary from 14 to 25 
tons per square inch. The slow application of pressure of the 
hydraulic press enables a relatively small press of 1,250 ton 
capacity to make forgings of a size that would require an enor- 
mous hammer, and results in deeper penetration. 

The forging process used in the National Forge is the fol- 
lowing one: 

&) The ingot is placed in the Ingot Heating Soaking Pit 
which is at a temperature of from 1800 to 2250 de- 
grees Fahrenheit for approximately 26 hours. 

The time for heating is about one hour per inch of diame- 
ter. The diameter of the ingot (Drawing No. 1) is 28-1/8". 

b) After the ingot is heated to forging temperature it 
is removed from the Ingot Heating Soaking Pit and 
placed in the 1,250 ton forging press. The ingot is 
forged to a 194" octagon. The forging operation is 
stopped when the temperature comes down below 1800 
degrees Fahrenheit, and takes about one hour. 

c) The 194" octagon is placed in the reheat furnace and 


reheated to forging temperature for about 19 hours. 
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d) The 19à" octagon is withdrawn from the reheat Tute 
nace, placed in the press, and forged to the sizes 
given on the final forging drawing. This second 
forging operation takes about 1.4 hours. 

e) The gun barrel forging is buried in ashes for slow 
cooling for four days. 

During the cooling period, the steel passes through a 
series of molecular changes effecting the structure of the 
metal. This change of structure produces internal stresses 
which mist be controlled and minimized by slow cooling. The 
burying in ashes prevents air contact and permits uniform 
slow cooling. 

The above represents a complete operation cycle. 

2-23- Manufacturing of the gun barrel. 

Reference: a) Layout of the plant, Figure No. 1 
b) Drawing No. 4. 

In any industry the work to be done can be broken into 
the following types of activities: 

1 - Imparting an original shape 

2 - Changing the shape. 

3 - Inspection. 

k = Assembly. 

5 = Conversion, 

In the manufacturing of the gun forging we impmrted an 
original shape to the ingot already obtained. Now, in the 
manufacturing of the gun barrel we will change the shape of 
the forging by removing materíal. During the process we will 
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see that we will make inspections, and by means of heating 
treatment, we will make conversions. Assembly will not be 
made because the gun barrel is an alloy steel monobloc. 

۸ work unit is a modification of a product done without 
essential interrüption. The work unit does not tell what 
machine or other equipment is to be used in order to modify 
the product. It only indicates what the modification will con- 
sist of. 

These fundamental concepts will be the basis for the des- 
cription of the manufacturing process. 

Although the gun barrel forging is a product of impres- 
sive proportions, it frequently requires a machine finish com- 
parable in accuracy with the fine parts of precision instru- 
ments. This requires machining craftsmanship of the highest 
order as well as equipment of exceptional size and capacity. 

National Forge has organized its greatly extended machine 
shops with a multiplicity of machine tools divided into groups. 
The machining of such large products to such fine dimensions 
calls for skilled machinists in the machining of steel forg- 
ings. 

The layout of the machine shop permits straight line pro- 
duction, the forging progressing in an orderly manner through 
its various machining operations: from cold sawing, rough 
machining, rough and finish boring, to finish turning, grind- 
ing, planing, slotting, drilling and milling. 

A smooth system of crane operation carries the forging 


from one machine to another as the work progresses through the 
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main machining aisle of the machine shop. 

A gun barrel steel forging is conceived in a blueprint 
and a set of specifications. Those specifications include a 
steel of specific analysis and heat treatment for certain de- 
sired physical properties, and precise tolerances for the 
finish machining. 

The heat-treating schedule is the responsibility of the 
metallurgist and is checked by pyrometer controls. 

A well equipped laboratory determines the physical pro- 
perties by means of tensilic, impact and hardness tests. 

Also available are X-ray and Magnaflux equipment to make 
sure that the exacting requirements are fully met in the final 
forging. 

The micrometers and other measuring gauges used by the 
machine tool inspectors are checked against Johansson blocks. 

The metallurgical laboratory is complete with equipment 
to make all kinds of examinations, such as macro-etch and 
microscopic inspection. 

The physical laboratory is fully equipped for tensile, 
impact, and bend tests. 

The machine shop is equipped with a wide range of tools 
for rough and finish machining. There are lathes for both 
turning and boring; from small bench lathes up to lathes of 
72" swing and beds up to 120! long; boring machines; planers, 
both double frame and open side; radials drills up to 6°; 
surface grinders: cylindrical grinders for work up to 26" 


diameter and 50° long; shapers; milling machines; slotters, 
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up to 36" stroke; a jig borer; and a great many other machines 


and tools designed for special work. 


DESCRIPTION OF THE PROCESS 


Following the plant layout, we will describe the manufac- 
turing process, summarizing the operations performed in each 
group of the machine shop. 

First Operation: Center. 

Machine - Horizontal centering machine. 

Tool - Combined drill and countersink. 

The gun barrel forging must be set up in the machines between 

centers, then it is necessary as a first operation to deter- 

mine the centers. The center is determined in the horizontal 

centering machine, where the layout of the piece is done. 

The centers are obtained by means of a combined drill and 

countersink. 

Second operation: Rough turn breech for a length of 24", 
spot for steady rest, face ends and open 
up for rough bore. 


Machine - 36" x 35" Engine lathe. 





Tools: a) High speed tool steel bit. 
b) Drill. 
c) Lathe bore tool. 





The breech end of the forging is rough turned for a length of 
24", in the 36" x 35" engine lathe. To spot for rough bore 


the diameter is smooth turned to receive the steady rest jaws 
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of the machine. The ends of the gun barrel forging are faced 
before the operation of rough bore. Open up is a preparatory 
work unit for rough bore. At first a drill is used and then 

& lathe boring tool. 

Third operation: Rough bore. 

Machine - 36" x 60% Boring Machine. 

Tool - Rough bore tool on the boring bar. 

The solid forging is placed on a boring machine and bored out 
as a preliminary operation for the next operation of boring. 
Fourth operation: Rough turn. 

Machine - 36" x 35* Engine Lathe. 

Tool - High speed steel tool bit. 

The outside diameter is rough turned as shown in Drawing No. !.. 
In this operation the speed is maintained as great as the tool 
will stand without requiring sharpening more often than every 
two or three hours when cutting continuously. As a rule, in 
this operation the greatest depth of cut and feed per revolu- 
tion that the work, the machine and tool will stand at the 
highest practicable speed must be taken. 

Fifth operation: Layout to drill end for heat treatment. 

Bench work. 

The bench leader carefully determines the positions of 
the holes to be drilled in order to avoid mistakes which might 
otherwise be made. 

Sixth operation: Drill 4i" hole. 

Machine - Vertical drill. 

Tool - Drill. 
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The 4i" is drilled through the end at right angles to the 
axis of the forging on the vertical drill. This hole is used 
to attach the forging to the fixture so that it can be sus- 
pended in the Vertical Heat treating Furnaces. 

Seventh, Eighth and Ninth operations: Heat-treatment. 

Equipment - Vertical heat treatment furnace(5' diameter 

x 30* deep), and oil quench tank. 
The heat-treating department is equipped with vertical fur- 
naces and tanks for quenching. This equipment is available 
to normalize, quench and draw the gun barrel. This heat 
treatment is a necessary part of steel forging specifications 
for guns. Forgings suspenced in these furnaces are free from 
external stresses. The oil firing applies heat evenly over 
the entire length of the forgings. This uniform heating 
avoids the development of internal strains. Quenching in a 
vertical position permits uniform cooling which further avoids 
the setting up of uneven strains in the forging. 

Before heat treatment, as was done in previous operations, 
the gun barrel is rough machined to approximate size and shape 
so that the heat treatment will penetrate uniformly over its 
entire surface area. 

The elements of time and temperature of heating are ex- 
tremely important. To make sure that each forging receives 
its prescribed heat treatment, recording pyrometers are used, 
to register a chronological record of temperatures throughout 
the heat treating cycle. The length of time that a forging 


remains in a furnace depends of the size forging, its carbon 
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content, and the temperature of the furnace. 

The oil quenching tanks, 5? in diameter and 30° deep, 
into which the forging is immediately immersed after removal 
from the furnace, are about the same size as the heating pits, 
and are also sunk in the ground. 

Forgings are immersed in the direction of their longitu- 
dinal axis. The oil is kept in circulation continually by 
means of a pump which forces it up through the bottom of the 
tank,the overflow being carried off by a pipe at the top to 
& tank outside the building. The quenching treatment is ob- 
tained by immersion in the oil. 

In the normalizing treatment, the iron-base alloy is 
heated to approximately 100 degrees F. above the transforma- 
tion temperature range followed by cooling to below that 
range in air at room temperature. 

In the drawing treatment the alloy steel is heated below 
the transformation temperature range followed by the desired 
rate of cooling inside the furnace. When cooled to about 
300 degrees F., the forging is removed from the furnace. 

The transformation temperature range is the temperature 
spread within which the atomic, molecular or granular struc- 


tures of iron-base metals change their forms. 


Tenth Operation: Saw 
Machine - Saw 


Tool - Circular saw. 

The test specimens are cut from the ends in locations 
Specified and pulled to determine if the alloy steel will 
meet the physical requirements. The factory has a well 
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equipped testing laboratory where accurate determinations 

are made of the physical properties of the heet treated forg- 
ings. These tests include tensile, impact, and hardness 
tests. Specifications governing the manufacture of ordnance 
material, which are changed from time to time to keep up to 
date with the best metallurgical practices and results, state 
the physical requirements the material must fulfill. These 
requirements are carefully checked by inspection and analysis 
in the testing machines. 

Eleventh operation: Indicate and mark runout. 

Equipment - Indicator. 

If the"indicating and mark run out" operation shows that 
the gun barrel warped, it is heated to a point below drawing 
temperature and straightened. 

To straighten the gun barrel a press similar to the one 
used to forge the ingotis used. 

Twelfth operation: Spot, face and open up for first hognose. 

Machine - 36" x 35* Engine lathe. 

Tool - High speed tool steel bit. 

Lathe boring tool. 

The gun barrel is smooth turned to receive the steady 
rest jaws of the boring machine. The ends are faced. To 
prepare for the work unit "hognose", the gun barrel is opened 
up using a lathe-boring tool. 


Thirteenth Operation: First hognose. 
Machine - 26" x 60! Boring machine. 


Tool - Packed bit (hognose shape). 
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The packed bit consists of a cylinder of maple built 
on a steel frame. The two cutters used in obtaining the hog- 
nose shape, diametrically opposite, are set in a frame at its 
forward edge to the size of the hole it is intended to bore. 
The diameter of the wood packing is maintained a few thou- 
sandths greater than the diameter of the cutters so that the 
close fit in the bore will furnish a steady bearing for the 
cutters. The shank of the bit is secured to a boring bar by 
means of a threaded section. The packed bit boring bar is a 
long bar which is supported in several bearings and which is 
driven longitudinally by a motor drive. 

Fourteenth Operation: Indicate and mark runout. 
Equipment - Indicator. 

To ascertain whether a bore has been done true, it is 
indicated for eccentricity. A dial is mounted on the end of 
a long telescopic pipe placed in the bore. As the forging is 
revolved over the rollers on the VY blocks, the eccentricities 
of the bore, pressing against a spring-loaded arm, cause a hand 
on the face of the dial to rotate in either direction. This 
gives plus or minus readings in thousandths of an inch. 
Fifteenth Operation: Rough turn outside diameter to plus 

3/16" over finish size, spot, face, and 
open up for second hognose. 
Machine = 36" x 35? Engine lathe. 
Tool - High speed steel tool bit. 
Lathe boring tool. 


The outside diameter is rough turned in two cuts to plus 
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3/16" over finish size. The machine used is a rough engine 
lathe with a 30 H.P. drive motor. The other operations are 
preparatory to the second hognose. 
Sixteenth Operation: Second hognose. 

Machine - Boring machine. 

Tool - Packed bit. 

À second rough bore with & packed bit is made, bringing 
the bore diameter to 4.65", 

Seventeenth Operation: Indicate and mark runout. 
Equipment - Indicator. 
The procedure is the same as the Fourteenth Operation. 
Eighteenth Operation: Radial expansion. 
Equipment - a) Intensifier. 
b) Connections. 
e) Arbor. 
d) Packings. 
e) Screwed-in-plugs. 
f) Gauge. 

By the radial expansion, hydrostatic pressure is applied 
to the bore until the outer surface is stressed to approxi- 
mately its elastic limit, as prescribed on the specifications 
&nd technical instructions. 

The forgings are expanded in separate pressure stages, be- 
ginhing with the breech state and progressing in sequence to- 
ward the muzzle. During each application of the prescribed 
pressurethe portion of the bore from the packing at the 


breech end to the forward limit of any pressure stage is sub- 
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jected to the bore pressure prescribed for that stage. 

The apparatus for radially expanding gun forgings con- 
sista of pumps, an intensifier and arbor connected by high 
pressure piping and provided with check and drain valves, and 
gauges for measuring the pressures. The intensifier serves to 
step up the hydrostatic pressure to a maximum of 125,000 lb. 
per sq. inch. The arbor which is inserted in the bore of the 
forging carries the longitudinal load due to the packings and 
acts as a filler bar by means of which the liquid necessary 
to expand the gun forging is reduced to a thin amount between 
the arbor and the bore of the forging. 

Packing at each end of the bore is held in position by 
screwed-in plugs to seal the liquid under pressure. The pres- 
sure is applied in increments of 5,000 lb. per square inch. 


Characteristics of the stages of expansion: 
Maximum Theoretical increments Measuring 








Stage of 
Pressure dilation Pressure Stations 
First 79,210 or ء‎ 285 5,000 1,2,3,4 
1b/sq/in. 1b/sq/in. * 
Second 72,980 0".0265 5,000 $,5,7,5 
1b/sq/in. 1b/sq/in. EW 
Third 59,910 0*,0228 5,000 9,10,11 
1b/sq/in. 
Fourth 45,200 0* , 0190 5,000 12,13,14 
1b/aq/in. liy/sq.in. : 





As the pressure is applied in increments of 5,000 1b/ 


sg/in., the outside diameters are measured and checked against 
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& theoretical curve showing the relation between the bore 
pressure and the dilation of the outside diameter. 
Ninteenth Operation: Inspection. 

Equipment - Indicator. 

After the radial expansion operation the gun barrel is 
set up in a bench over V blocks with rollers to determine its 
inside and outside runout. The maximum runout permitted for 
5"/38 gun forging is 0.20". If the runout exceeds this amount 
the forging is straightened at shop temperature, provided that 
the height of the bow or arc does not exceed .004" per inch 
of length over which the are extends. After such straighten- 
ing the runout of the forging should not exceed .20". 
Twentieth Operation: Finish bore. 

Machine - Boring Machine. 
Tool - Packed bit. 

The gun barrel is then finish bored with a 5 inch hole 
straight through. Two cuts are required. The allowed toler- 
ance is only 0.002" oversize and zero undersize. 0.005" is 
allowed for honing. 

Twenty-first Operation: Indicate. 
Equipment - Indicator. 

The same procedure is used as in Operation Fourteen. 
Twenty-second Operation: Honing. 

In a combined movement of rotation and translation, a 
head with several stone segments held out against the bore by 
springs gives a final finish and polishing known as honing. 


A special machine is used. 
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Twenty-third Operation: Finish turn, file and polish, and 
cut out threads. 
Machine = 36" x 35" Engine lathe. 
Tool - Broad nose tool. 

The gun barrel is finished on the outside diameter to 
the prescribed dimensions. This operation must be done before 
rifling. The tolerance specified is usually within 0.001 
inch. Snap gauges are used to check the dimensions. 

The external file and polish treatment is given by spe- 
cial cleaning and polishing devices which are held by the 
workers while the gun barrel is rotating in the lathe. 

The threads are cut on the outside of the barrel. 
Twenty-fourth Operation: Rifling. 

Machine - 5"x45' Rifling machine. 
Tool - White rifling head, and grooved bar. 

The gun barrel is rifled, using a white rifling head and 
a grooved bar. The groove in the bar corresponds to one turn 
in 30 calibers. 

The rifling head has 3 sets cf cutters. The first set 
is used to cut the grooves to the full depth by taking from a 
half-thousandth to a thousandth of an inch per cut. The sec- 
ond set and the third set are used to widen out the grooves to 
the proper width. 

The rifling operation is very long. It takes 60 hours. 
Rifling is done in a machine resembling a boring machine, ex- 
cept that the rifling bar, which takes the place of the boring 
bar, has a spiral slot cut in its surface, the pitch of which 
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corresponds to the pitch of the rifling it is desired to cut. 
A different bar, then, is required for each type of gun. 

Án extension of the bed plate alongside the rifling bar 
carries a steel spline, which is set to the form of the de- 
veloped rifling by set-screws. For rifling of uniform twist 
the development is a straight line. For increasing twist the 
development is a curve. By means of the spline, the pinion 
gearing, and the rack, one end of which is kept pressed against 
the spline, the rifling bar is revolved at the proper rate as 
it is fed past the stationary cutting tool. 

The white rifling head, a hollow cylinder slightly small- 
er than the bore of the gun, is keyed in a socket in the end 
of the rifling bar. The cutting tools are set in pockets 
placed at equal intervals circumferentially around the forward 
edge of the head. The number of tools is half the number of 
grooves to be cut. 

A cone, which is moved axially inside the head by a screw, 
is employed to move the tools outward. The screw, which has a 
vernier to indicate the position of the cutting tools, is 
reached through an opening in the side of the head. 

À pin projecting through the front face of the head, when 
pushed in, causes the cutters to collapse inward, thus enabling 
the head to be withdrawn without danger of scoring the bore. 

All rifling is done from the muzzle end. When the bar is 
advanced for the first cut, a lug in the forward steacy rest 
bearing engages in the rifling bar slot and rotates the bar as 


the head is fed into the gun, cutting the grooves with the 
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correct pitch. After rifling, the lands and grooves are 
star-gauged. The action of the cutting fluid for lubricating 
and cooling the cutters is very important. 

Twenty-fifth Operation: Bore out chamber. 

Machine tool - 36" x 35% Engine lathe. 

Tool - High speed tool steel bit in a boring bar. A 
profile is used to trace the contour of the 
chamber. 

The engine lathe is used for boring out the chamber. 

There are two general designs for the powder chamber, 
those for bag guns and those for cartridge case guns. This 
example is the latter and is much simpler to bore. The cham- 
ber is checked by fitting in a gauge made to the maximum di- 
mensions allowed for the cartridge case. 

Iwenty-sixth Operation: Grind chamber. 

Machine - Internal grinder. 

Tool - Grinding wheel (cylindrical) and a profile 

used to trace the contour of the chamber. 

The internal grinder is used for grinding the chamber. 
The grinding wheel is mounted on a slide parallel to the ways 
of the machine. The movement of the tool is rotary and reci- 
procating. The feed is perpendicular to axis of the work. 
Twenty-seventh Operation: Extractor slots. 

Machine - Planer. 

Tool - End mill. 

The extractor slots are milled in the breech end to a 


layout done on the face of the breech end. 
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Twenty-eighth Operation: Key way. 
Machine - Planer. 


Tool - Milling cutter. 

The key way is cut in the outside of the barrel. The 
purpose of the key is to keep the gun barrel from turning on 
its slide. This milling operation is done in the planer. 
Twenty-ninth Operation: Interrupt thread. 

Machine - Planer. 
Tool - Milling cutter. 

This operation is done in the planer, with the tool sta- 
tionary and the work reciprocating. The capacity of this 
planer is 36"x36"x14". 

Thirtieth Operation: Chrome plating. 
Equipment =~ Electroplating tank. 

This process is used to chrome plate the bore of the gun 
barrel. With the advent of chrome plating many opportunities 
developed for increasing the life and usefulness of ordnance 
parts by electroplating areas where excessive wear occurred. 
Chromium, being hard, of considerable wear resistance, and of 
some corrosion resistance, gave increased life to parts such 
&s the gun barrel which are subjected to these conditions. 
All major caliber gun barrels from 3" to 16" are chromium 


plated throughout the bore. 
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b) 
Plant Eouipment 

Once the basic manufacturing process has been determined, 
the next step is to select the productive equipment along with 
its standard and special tools, jigs, fixtures, etc... 

By means of the forging process an original shape was im- 
parted to the gun barrel forging. The reduction of material 
to specified shape and dimensions was obtained by the action 
of cutting tools and machinery. The heat-treating department, 
by normalizing, quenching, and drawing the gun barrel, changed 
the physical properties of the metal in accordance with speci- 
fications. In the radial expansion process the bore and the 
external diameters were slightly enlarged because of the per- 
manent deformations set up by the hydrostatic pressure. 

This step will be the selection of the exact type of pro- 
ductive equipment required to perform the outlined process, 
and the calculation of the number of machines necessary. To 
do this we will make use of production data. The first item 
of information to be utilized is a forecast of the production 
required. This is essential to an appraisal of the produc- 
tion equipment required. | 

The primary objective in selecting the exact number of 
machines is the prevention of bottleneck operations. The 
estimated production is: 

a) Units per year - 950 gun barrels. 
b) Plant capacity in units per day - 4 gun barrels. 
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Next to be considered is the work-shift policy. 

Based on this policy, the number of hours that the equip- 
ment is to operate per week can be computed. The length of 
the working day will be considered, as well as the number of 
shifts. This factory is a continuous-process industry, where 
because of "warm up" cost, the 2l-hour day is a virtual eco- 
nomic necessity. 

There are two major factors which will combine to reduce 
the established production rate: 

a) Loss through scrap or rejects. 

b) Low production efficiency. 
In this factory, due to the high price of the gun barrel forg- 
ing, (about $2,700.00 per piece), the loss through scrap or 
rejects has been reduced to a minimum. We will assume that 
this figure is so small that this allowance will not be taken 
into consideration. The important factor is the production 
efficiency. 

We will selectthe types of machine tools and the number 
required for each of the following groups of the machine shop: 

1) Rough Machine. 
2) Finish Machine. 
3) Heat Treat. 

4) Press. 


5) Melting. 


cup wait det ari e ein og UGR ME po been. 
Am Aem هه‎ mau vÉ < "sn zer Gier OF OD ram 
ww mm PEUT هلو‎ 
nam ¿CIAL OTOMANO 2 
وراو‎ Lamar په جوم وم ېس جوا درم‎ may XE 
i ee 

nsnsi جو و ودم‎ 
na nazan 

(aries 10 quoa. MO 
oaiae calio wad bai a 

eene oma a oT dade ad ee e ed‏ مي 
sanf sie borede ma SG OTSA‏ د مسا 
mika o cà emit deed.‏ دس sat samos Lijs‏ 
فلا nat‏ ار و عا د۸د تفل — 
AL YOO UR A lA MINE‏ دغه داقن 


A do ea aye —‏ سب سا 


am iam e e a olla a o amem e 
AER RA  آ"ثڅ‎ 
r 


actu (A ae 












ë 










35. 


DATA FOR COMPUTATION 
1) For: Rough turn, rough bore, finish turn, finish 

turn, finish bore, grind, plane, honing, and radial 
expansion. 

a) hours/day = 24 

b) days/week = 6 

c) weeks/year = 50 

d) hours/year = 24x6x50 = 7,200 

e) good units/year = 950 

f) good units/hour = 950 _ < 0.132 


7,2 
el production efficiency 


u O 


80% (data given by the 
chief engineer). 


2) For: Drill and saw. 
a) hours/day = 8 
b) days/week = 5 
50 
d) hours/year = 8x5x50 = 2,000 


c) weeks/year 


e) good units/year = 950 
f) good units/hour = O =0.475 
z660— 


E) production efficiency = 80% 
3) For rifling. 
a) hours/day = 24 
7 
50 
24x7x50 = 8400 hours/year 


b) days/week 


c) weeks/year 


d) hours/year 


e) good units/year z 950 
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56% 


f) good units/hour z 230 = 0.114 
s4 
g) production efficiency = 80% 


FORMULA FOR COMPUTATION 1 


N z Number of good units per hour. 


— 1 x Plant efficiency 
Standard time 


COMPUTATION 


Rough Machine Group 
1) Boring machines (rough bore) 


Standard time for the operation z 16 hours 
Nz 0.132 = 2.7 2 3 machines. 
12246 
—T6 


2) Engine lathes (rough turn) 


Standard time for the operation = ll hours 


N= 0.1322  . 2.3 = 2 machines. 
1 x «80 


14 
3) Vertical drill 
Standard time for the operation: 2.5 hours 
- — = 1 machine 
2.5 





l. Apple, J.M., "Plant Layout and Materials Handling", The 
Ronald Press Co., New York. 
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Finish Machine Group 


1) Boring Machine (finish bore) 


operation: 21 hours 


= h machines 


turn) 
operation: 32 hours. 


5 machines 


operation: 20 hours 


= 3 machines 


operations: 15 hours 


2. = 2 machines 


operation: 15 hours 


machines‏ 2 = ېا 


operation: 60 hours 


8 machines 


Standard time for the 
Ns 0.1 2 Š z 
rex = 3-5 
21 
2) Engine lathes (finish 
Standard time for the 


Nz - 25.3 = 


22 





3) 


Planers 
Standard time for the 


N = 0.1 2 = 3.3 
1 x .80 
20 
kl Internal grinders 


Standard time for the 
N = 0.132 z 
T x .80 

15 


5) Honing machines 


Standard time for the 
N= 01 2 = 25 
1 x .80 


6) Rifling machines 


Standard time for the 


Ns — ^ š 
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Summary of Equipment 
l - Melting Shop: 
1-1 - Electric melting furnace, capacity 15 .. 
D 2. s . ` + < < < < e e ll 
l-3 - Furnace transformer , . +s هه ه ه ه ه ه ه‎ 


1-4 Pruariag Pit . . 10... . ه‎ ge een e 


l-5 = Ingot Heating Soaking Pit e e e e 4G ه‎ è o 


l-6 - Reheat furnaces (two chambers) . .... 
1-7 - Chemical laboratory +, . . +< < s e.e eœ 
l-8 - Electrical sub-station نره < < + < ء ده‎ 
2 - Forge Shop: 
2-1 - 1250 High Speed Steam Hydraulic Forging 
Press str Pat Te RNA ARA 
2-2 - Straight line manipulator (10,000 lb.). . 


2-3 - Boilers (150 p.s.i., 5,000 lb/h) .... 


2-4 - Water Softener . 2. « +< < < e e e e c n n 
2-5 - Steam feed water pump ç, e s ene ee o >ù 
DOS UE 2.6 -¿. 6-5... .. 
3 - Machine Shop: 
3-1 - Rough Machine Group. 
3-11 - Boring Machines (rough bore), 
| FT METH COMMUN 
3-12 - Engine lathes(rough turn),36"x35'. 
3-13 - Vertical Drill . c s e o ð e so% o 
3-14 - Bench (layout to drill). . . ه‎ e w 
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0 » N U An £ 


E 


3-2 - Finish Machine Group: 


3-21 - Boring Machines (finish bore), 

|| AT enG enna doetan 
3-22 - Engine lathes (finish turn),36"x35'! 
3323 - Plañerk, Zënse `, e ee ee 
2کو‎ — Internal grind@ere د ده‎ seen e هبه‎ 
2-25 - 101111٨ 109861711168 ه ه ه‎ < èe èe هه ه ه‎ 
3-26 - Rifling machines, 5"xh5! . + + o 
Heating Department: 
3-31 - Vertical furnaces 5* dia.x 30'deep. 
2-32 - Oil quenching tank Gr dia.x30'deep. 
3-33 - Water quenching tank 5'dia.x30'deep 
Radial Expansion: | 
3-41 - Indicating benches . . ə e e èo» هه‎ 
3-42 - Rough engine lathes .... «ee à 
3-43 - Radial expansion equipment .. .. + 
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c) 
Layout of the Plant 

Reference: Plant layout - Drawing No. 5. 

The machine tools are laid out by the product-line 
method, in the order in which they are used. 

The flow of materials is in the form of a U so that pro- 
duction progresses from one point to another. 

This arrangement of equipment speeds up the manufactur- 
ing cycle by reducing the inventory of pieces in process as 
well as the time required for their handling, makes produc- 
tion easier to control, and eliminates back tracking of ma- 


terials. 
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III - PAPER WORK INVOLVED IN THE PRODUCTION PLANNING OF THE 
NATIONAL FORGE & ORDNANCE COMPANY 


&) 
Standard Process Sheet 
Reference: Figure No. 2 

By definition, production planning is the procedure for 
drawing & complete process sheet, starting from a description 
of the product to be made and a knowledge of the approximate 
volume required. A process sheet is a special form of a pre- 
cess-chart product-analysis, 

Based on the above considerations we can say that a pro- 
cess sheet is the analysis of the separable steps of the pro- 
cedure involved in performing the work required to modify ه‎ 
product. This analysis is indispensable prior to the starting 
of production as an aid in obtaining the best possible pro- 
cess and in developing standard procedures. 

In the National Forge & Ordnance the “Standard Process 
Sheet" is known by the code: Form No.12 9-45 3000N. It should 
be noted that this form is set up in order to obtain a logical 
and definite sequence of operations performed on a certain 
product at a definite time. The body of the sheet consists 
of: | 

First column: Operation number. 

To indicate the sequence of operations, each one receives 
a number, The first operation receives the number 10, the 
second 20, etc.... This is done because sometimes the study 


of the process indicates the need for a new operation between 
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-45 3000N 61a 
GUST. ORDER 9  — ee 
eR PROMISED Mar 1951 ree._Alloy Stee] — 
;  difday — oescmirrion Gun Barrel  rerarmenlormalize-Quench- 
Drews 
NAME OF OPERATION M CH. ESTED 
NO. ( Ho TIME 
Center m 
Rough turn breech, spot, face ends and open up e 
— Le 
Rough turn EL2 14.0 
yout to drill ok 
Drill 4i" hole 2.5 
Heat-treat (Normalize 8.0 
Heat-treat Quench Q-T-1l 8.0 
Heat-treat (Draw Hall wä 8.0 
Saw ends 1.7 
Indicate and mark runout I-1 2. 
joot, face and open up fc اهم‎ 56 8.5 
First hognose 14.0 
Indicate and mark runout | 1-2| 2.5 
Rough turn outside diameter to plus 3/16" over/finish 14.0 
Second ! Ei Ba 
_ Indicate and mark runont C — | 1-2 2.5 
kadis Spansion EI t 
Inspection 1-2 
_ Finish bore , EM 6| 21.0 ` 
_ Indicate and mark runout — Ce - 
Honing | Hal q 
Finish turn, file, polish, and cutout threads EL 5| 32.0 
Rifling machine R1| 60.0 
Bore out chamber 25.0 
Grind chanber h 15.0 
Mill Extractor slots S = * 14.0 
Cut key-way 3.0 
Interrupt thread 3.0 


g'u uo E 
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Chrome plate 
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two operations which were numbered before. In this case the 
new operation can receive the number ll and all other opera- 
tions in the sequence will keep the previous numbers. The 
numbers in this column indicate the sequence of operations. 


Second Column: Name of Operation. 


It states the operations necessary to manufacture the 





article or part in their proper sequence. The work units 
are listed within each operation in the order required by the 
process. Here it is necessary to establish a clear distinc- 
tion between "operation" and "work unit." An operation is a 
modification of a product that takes place essentially at one 
location. A “work unit" is a modification of a product done 
without essential interruption. 


Third Column: Machine number. 





This column is used to indicate the machine tool where 
such operations will be done and the equipment which will be 
used. After grouping the work units into operations and ar- 
ranging the operations in the proper sequence, we now deter- 
mine the equipment needed to perform the work. 

This factory has the following groups, roughing machines, 
finishing machines, heat-treatment, radial expansion, and 
rifling. Inspection is under the material control department 
and the laberatories are under the quality control section. 

Fourth Column: Estimated time. 
The standard time is set operation by operation. 
In the manufacturing of gun barrels, the standard times 


are obtained from existing data. If some alteration takes 
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place in the process or in tho equipment the standard time 
is again determined from time studies, improved procedures, 
and work simplification studies performed by the "Production 
Planning Department" of the Engineering Division. 

The set-up time is included in the standard time for 
each operation, In this factory the set-up of the machine 
is made by the operator end the time involved in setting up 
is very small, compared with the length of time of the oper- 
ation. 

Heading of the form: 

The heading of the form contains: 

a) Code 
b) Number of customer order. 
c) Name of the customer. 
d) Number of the shop order. 
e) Number of pieces to be manufactured. 
f) Description or piece name. 


E) Treatment to be made. 


Estimate Sheet 
Reference: Figure No. 3 


After preparing the "Standard Process Sheet", production 
planning prepares the "Estimate Sheet". 

The columns "Operations" and "Hours" are taken from the 
columns "Name of Operation" and "Estimated Time" of the 
“Standard Process Sheet". 


The new columns in this sheet are: 
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a) Rate. 

b) Cost. 

c) Check. 

The rate is based ón the estimated manufacturing costs. 
It is an accepted practice when estimating costs of products 
to divide the cost into three main divisions: 

a) Labor. 

b) Material. 

c) Overhead. 

In this company, because of long experience in this kind of 
manufacturing, the engineering department knows the values of 
the rates of the divisions above, and therefore the combined 
rate which must be filled in the third column of the "Esti- 
mate Sheet". 

The engineering department knows, based on the experi- 
ance, that: 

a) The rate of the forging press, including the 
furnaces and the manipulator, is $125.00 per hour. 

b) The rate of the heat-treat furnaces, including 
the tanks, is $80.00 per hour. 

c) The rates on the saw, centering machine, and 
vertical drill are $8.00 per hour. 

d) The rates on the engine lathes (rough and finish), 
boring machines (rough and finish), rifling 
machines, planers, internal grinders, and honing 
machines are $10.00 per hour. 


The fourth coluun will give the price of each operatíon, 
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based on the figures in Column 2 (hours of operation) and 
Column 3 (rate/hour of each machine involved in the opera- 
tion). 

Á considerable amount of time is saved by making use of 
previously estimated parts which are components of the pro- 
duct, or of the product itself as in our case, on which an es- 
timated cost is desired. The estimated costs computed in 
Column 3 are compared and checked against Column 4 (check). 
In Column 4 we have the complete cost of the operations, as 
computed by the accounting department of the financial divi- 
sion, where consideration has been given to changes in labor 
rates, material costs, plant equipment, transportation facil- 
ities, maintenance, and the expected depreciation of the assets. 

In the lower part of the "Estimate Sheet", the form con- 
tains: 

a) Shipping weight. 
b) Freight rate. 

c) Tool expense. 

d) Date. 

e) Number of pieces. 
f) Drawing number. 
E) Name or description of the piece. 
h) Specifications. 
i) Physicals. 

J) Treatment. 

k) Exceptions. 

1) Test. 
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m) Price. 


n) Shipment date. 


b) 

Process chart - Product Analysis 

Reference: Figure No. 4 

"A Process Chart-Product Analysis is a graphic means of 
portraying the separable steps of the procedure involved in 
performing the work required to modify a product from one 
stage of completion to another. Process-Charts-Product Ana- 
lysis should be made whenever possible for all materials, 
prior to the inception of production, to aid in obtaining the 
best possible process and layout before the beginning of work, "i 

The Process Chart - Product Analysis annexed to this the- 

sis illustrates the manufacturing procedure for the gun barrel 


that is used in the National Forge & Ordnance Company. 


c) 
Operator Instruction Sheet 
Reference: Figure No. 5 
The results of operation study are recorded on such 
forms for the instruction of foremen and operators. The stan- 
dard process sheet determínes the processes and time allow- 


ances for each operation. 





l. Mundel, M.E., "Motion and Time Study Principles and 
Practices", New York, Prentice Hall, 1950. 
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In the "Operator Instruction Sheet", details of the par- 
ticular operation are written, and the operators are expected 
to follow the planned method until a change is authorized. 

In the "Operator Instruction Sheet" information is given con- 
cerning: 

a) Sketches for the piece to be forged. 

b) Standard time for one píece. 

c) Name of operation. 

d) Number of pieces. 

e) Steel alloy necessary for the operation. 

f) Heat-Treatment required. 

g) Dimensions of the piece. 

h) Weight of the steel required. 

1) Net weight of the forging. 

j) Customer order number. 

In other cases, as in the machining of one piece, the 
tool layout is sketched, and informations about cutting speed 
in r.p.m. or ft./min. and feed in inches per revolution are 
placed in the sheet. 

These sheets, when they are necessary, are sent with the 
standard process-sheet to the forman of the department. 

The time-keeper of the department places the "standard 
time" in the operator instruction sheet and he records the 
time when the operator starts the operation. 

In this factory this sheet is used to help the worker on 
any operation of the manufacturing process. It is used for 


the work of individuals, as on the lathes, boring machines, 
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etc, and also on the work of crews, as in the case of the 
forging operation. Another characteristic of this sheet in 
this particular plant is that it is used as a Time Record. 
The time keeper has on his sheet the time allowed for the op- 
eration and records the time actually spent on the job. The 
time spent can then be compared with the time originally es- 
tímated. 

These work records of the "operator instruction sheet" 
&re compared with the records of the clock cards for cost ac- 
counting and payroll purposes. From these records the payment 


of special premiums, bonus and overtime is calculated. 
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SECTION TWO 


ANALYSIS OF THE UNITED STATES NAVAL GUN PACTORY 


l. History. 
"In 1799, when the Washington Navy Yard came into being 


as the production and maintenance arm of a young United States 
Navy, it had a long and challenging row to how. French depra- 
dations on American shipping and an undeclared war with Tripoli, 
which had been responsible for bringing the Yard into being, 
preceded its baptism of fire. 

"During the War of 1812, the burning of Washington by 
the British forced the Secretary of the Navy to order the torch 
put to the Yard to prevent its stores and powder from falling 
into the hands of the enemy. It was a grim order that Captain 
Thomas Tingey, the first Commandant of the Navy Yard, was 
obliged to carry out, and it was not until the end of 181; 
that the work of reconstruction could begin. 

"However, by 1816 there had risen from the blackened 
twelve acres of land three large brick storehouses, a work 
shop 1900 feet long, a forge house with twenty-two forges and 
three furnaces, & steam-operateó forge hammer, three ship 
houses and ways, timber yards and wharfs. Even in this early 
period of its growth, the Navy Yard had become a major source 
of new materials, the scene of the evolution of many ordnance 
manufacturing processes and of the development of skilled 


artisans. 
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"Because the Anacostia River tended to fill its bed, 
the Navy Yard gradually became armorer to the fleet rather 
than shipyard, but development work continued, nevertheless, 
in hull and machinery improvement. 

"An iron steamer, the Waterwitch, was built in 1843, and 
when the Merrimac, one of the "ironsides," struck at Newport 
News after the outbreak of the Civil War, the Yard workers 
were prepared to accelerate the counter-development of armor 
plate, a function which grew to tremendous importance then 
and as time went on. 

"During this war period, the Navy Yard was the base 
from which the Potomac Flotilla operated to keep that stra- 
tegic line of communications open to the sea; ordnance pro- 
duction was expanded and the Yard personnel, naval and civil- 
ian, assisted gallantly in the defense of the Capital. From 
its founding, it had served the nation as faithfully as it 
was to do through three more wars. 

"In 1883, when construction of the new American navy was 
begun, it fell to the Yard to supply guns, gun mounts, ammu- 
nition hoists, shells and torpedo tubes to the fleet. So the 
establishment was prepared for the later task, on the out- 
break of war with Spain, to overhaul and transfer the stock 
of slow fire guns to what was known as "quick-fire" guns - a 
change from percussion to electric firing. Work was rushed 
to complete this equipment for Commodore Watson's squadron 
that wasto carry the war into Spanish waters, but the brevity 
of the conflict did not permit the factory to deliver the new 
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ordnance, and fighting was done with the equipment on board 
at the beginning of the war, all of it produced at the Navy 
Yard in preceding years - a performance that proved a job 
well done. 

"With the election of Theodore Roosevelt to the Presi- 
dency, the ordnance factory of the Yard operated on a round- 
the-clock schedule to meet the extensive expansion program 
for the enlarged fleet. Many improvements in plant and 
equipment were made to permit, among other things, the hand- 
ling and assembling of from 1" to 16" guns. 

"Except for a brief return to the normal work load dur- 
ing the Taft administration, development continued on a twenty- 
four hour basis through World War I, when orders for 14", 50 
caliber guns, experimental batteries of 18" guns for battle- 
ships, fire control systems, firing circuits, lighting sys- 
tems and wireless equipment drove the Yard to the limit of its 
production. The most outstanding performance was the rapid 
design and completion of the naval railway guns intended for 
long-distance bombardment of enemy lines after the German 
invasion of France. 

"The Yard was naturally affected by the disarmament pro- 
gram that followed the war, but the naval building progran, 
initiated by President Franklin Roosevelt, began another 
period of great expansion that led eventually to the extra- 
ordinary volume of ordnance production during World War II. 
All records for naval weapon development and manufacture were 


exploded by the huge tonnage of complex material that came 
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from the factory, much of it far ahead of ship installation 
schedules, while design and development of experimental 
models of new weapons of war continued. 

"Today, a visitor to the Naval Gun Factory - as it was 
renamed in 1915 - might consider the name a misnomer. For in 
the 188 buildings that sprawl over 125 acres along the Anas- 
costia River and have become the primary industrial establish- 
ment of the District of Columbia, and the largest naval arma- 
ment plant in the world, there are facilities for the research 
and development of aircraft armament, the production of opti- 
cal instruments, rockets and rocket launchers, bomb and tor- 
pedo equipment, depth-charge projectors, electrical and elec- 
tronic equipment and myriad miscellaneous special weapons, 
apart from the manufacture of guns, fire control equipment, 
and catapult guns. In fact, the Gun Factory which produces 
the finest naval ordnance in the world, is a master factory 
and a center of mechanical and manufacturing efficiency such 
as industry rarely sees." E 

"The first real step in the conversion of the Yard into 
an ordnance plant was taken on August 16, 1847, when the 
Bureau of Ordnance placed Lieutenant John A. Dahlgren, U.S.N., 
at the head of an independent department and gave him the 
direction of all ordnance matters at the Navy Yard. A fur- 


ther concentration upon ordnance manufacture came as result 


l. Public Information Office, "Ordnance Production", Wash- 
ington, D.C., U.S. Naval Gun Factory, 1951. 
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of the general order of August 14, 1886, which established 
the Gun Factory at the Yard. The principal growth of the 

Gun Factory took place during those years when the defense of 
the nation demanded the utmost in the design and production 
of naval ordnance. The unique character of the establishment 
was officially recognized when the Washington Navy Yard be- 
came the U.S. Naval Gun Factory on December 1, 1945. This 
was a simple change in title and not in function. 

"During both World Wars the Naval Gun Factory has been 
the master technician and inspector for the nation-wide sys- 
tem which the Bureau of Ordnance established for the produc- 
tion of naval weapons. Taking original design and research 
data from other agencies of the Bureau, the Naval Gun Factory 
has made and continues to make prototype models of weapons 
for experiment and testing. Its singular success in this 
field may be attributed in no small measure to the accumula- 
ted experience and skill of its designers and mechanics, many 
of whom have several decades of service to their credit. The 
attributes of a long-practice trade combine with sound train- 
ing to make versatile and reliable craftsmen. The history of 
the Washington Navy Yard and the Naval Gun Factory is a double 
history. It is the record of the development of naval ord- 
nance from wooden gun carriages and iron cannon to the most 
modern automatic weapons and guided missiles. It is also the 
story of the civilian employees of the Yard and Gun Factory 


who have rendered one hundred and fifty years of unbroken 
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service to the people of the United States and their Navy."^ 


2. Factory Location 
The factory is located in Washington within the bound- 


aries of the District of Columbia. The buildings are located 


in an area of 125 acres along the Anacostia River. 


3. The Market 

The national market is represented by the United States 
Armed Forces. As an example of the international market we 
can give Brasil, which bought fire control equipment during 
the last World War. 


h. Labor 

At Navy Department Headquarters there is a Department 
Civilian Personnel Director who has the responsibility of de- 
veloping and recommending to the Office of Industrial Rela- 
tions policies and precedures. The OIR is concerned with the 
Navy's entire civilian personnel. 38.5% of the Navy's man- 
power is comprised of civilians. 

For graded or classified jobs, each position is evaluat- 
ed and its proper grade and salary level determined. For un- 
classified jobs, the wages are set in accordance with prevail- 
ing local rates in the Washington, D.C. area as required by 


governing legislation. 





2. Taylor Peck, "Round Shot to Rockets", U.S. Naval Insti- 
tute, Annapolis, 1949. 
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The workers in the factory are divided in two groups, 
classified and unclassified. 
h-l - Unclassified: 
4-11 - Unskilled laborers. 
4-12 - Laborers and helpers. 
4-13 - Journeymen. 
h-lh - Supervisors. 
4-2 - Classified: 
These include all employees whose positions 
are classified into grades and services and 
whose salaries are set by the classification 
Act of 1949. 
The workers have a probational period. 

In the case of 4-11, 4-12, 4-13, the employee is hired 
for a specific job such as machinist, painter, etc... He is 
not expected to work outside of his trade. 

In the case of 4-14, the employee is hired to fill a job 
for which a detailed job description has been written. The 
salary is determined on the basis of this job description. 

A 40-hour week is established by law for both classified 
and unclassified personnel. Normally the work week comprises 
5 days of 8 hours each. In excess of 40 hours per week, the 
employees are entitled to overtime. 

As government employees, they are denied the right to 
strike. 

There are two types of retirement, retirement for age, 


or length of service and disability retirement. 
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There is an "Efficiency Rating System" for the classi- 
fied and for the unclasBified group. For the unclassified 
group the system adopted is called "Shop Efficiency Rating 
System". There are regulations governing the use of these 
systems, but they operate on the same basic principles. Both 
require an employee's supervisor at stated intervals to eval- 
uate his performance by specified factors, to reduce this 
evaluation to writing, to have this rating reviewed, and to 
allow him to discuss it if he wishes. Both provide appeal 
procedures. 

It is the responsibility of the factory to furnish neces- 
sary training to allow the employee to maintain and improve 
his skills. The Navy's "Employee Development Program" in- 
cludes several types of training. 

In the factory there are the so-called "white collar" 
group consisting of clerical, professional, technical, ac- 
counting, administrative and other similar types of "office" 
positions, and the so-called "blue collar" group, consisting 
of labor, helper, mechanical, supervisory or "shop" positions. 

The classification and pay of the white collar group is 
covered by the classification Act of 1949. 

The"blue collar" positions involving groups 4-11, 4-12, 
4-13, 4-14, have wages rates based upon wage data for compar- 


able jobs in the labor market area. 
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I - DETERMINATION OF THE ORGANIZATION OF THE INDUSTRIAL 
ENTERPRISE 


a) 
Structure of the Organization; Organization Charts. 

Reference: Chart No. 4. 

The United States Naval Gun Factory is under control of 
the Bureau of Ordnance, Navy Department. 

Following the chart No. 4 (structural), we can see that 
its affairs are administered by the Superintendent, a naval 
officer of flag rank, through the heads of the following de- 
partments: 

1) Management Planning and Review. 
2) Industrial Relations. 
3) Fiscal. 

4) Administrative. 

5) Medical. 

6) Planning. 

7) Engineering. 

8) Supply. 

9) Production. 
10) Inspection. 
11) Public Works. 

To understand the complexity of this organization we must 
remember that the factory must be ready to meet ever-widening 
demands in the fields of metal fabrication, machining, and 


optical, electrical and electronic development in connection 
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with ordnance for the air, surface, and sub-surface units of 
the fleet. 

To study the structural and functional organization, we 
must first consider the mission of the Gun Factory. This 
mission is to design, develop, manufacture, assemble, inspect 
and test ordnance equipment. This includes guns and mounts 
of all calibers and types, aviation ordnance, torpedo tubes, 
rocket launchers, projectiles, fire control equipment, opti- 
cal equipment, cartridge cases, spare parts, tools and acces- 
sories, and other ordnance materials as directed by the 
Bureau of Ordnance. 

The Gun Factory also: 

1) Serves as a source of prototypes of new weapons. 

2) Overhauls, maintains, and stores ordnance material. 

3) Operates the Naval Ordnance Gage Laboratory and 
administers the Final Acceptance Gage Program. 

4) Provides technical consultation service, with 
relation to ordnance material, to other naval 
activities and to private industry. 

5) Maintains and operates laboratory facilities for 
the examination, development, testing and stan- 
dardization of materials and techniques for ord- 
nance purposes. 

6) Prepares and maintains manufacturing records, 
drawings, and reproduction data, and makes them 
readily available to other prospective manufac- 


turers. 
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Chart No. 4, here reproduced, shows the general struc- 
ture of the oldest and most important manufacturing plant 
under the Bureau of Ordnance, which has been, and which con- 


tinues to be, the primary source of supply of the guns of the 


Navy. 
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b) 
LINE OF AUTHORITY, DEGREES OF RESPONSIBILITY AND 
CORRESPONDING DUTIES IN THE ORGANIZATION 


The Bureau of Ordnance of the Navy Department controls 
the factory. 

The highest administrator is the Superintendent, a naval 
officer with the rank of Admiral. 

Department heads are naval officers qualified by train- 
ing and experience in their respective fields. 

Civilian supervisory personnel are carefully selected 
from capable, highly trained employees in the numerous trades 
and crafts at the Gun Factory. Many of them are specialists 
nationally recognized for their outstanding ability. 


c) 
POSITION OF PRODUCTION PLANNING IN THE ORGANIZATION 
Reference: Charts Nos. 5, 6 and 7. 

The present factory is a series of shops doing a multi- 
tude of tasks, with all the work coordinated into a general 
master plan of design and production. 

The departments of the Gun Factory are inseparable 
pieces in the coordination of the machinery of the plant, 
however, this report is primarily concerned with the produc- 
tion department. 

The production department is comprised of 21 shops 


which manufacture various elements of ordnance. Its acti- 
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vities have been divided into five divisions; 


Production Engineering Division. 


- Management Division. 


Metal Processing Division. 
Light Machining and Assembly Division. 


1 
2 
2 
A 


5 « Heavy Machining and Assembly Division. 


To find the position of production planning in the organ- 


isation, we must first take the production engineering division 


of the production department and study the functions of this 


One of these functions is, "The determination of 


division. 


specific fabrication and assembly methods, and related equip- 


ment." 


If we now take Chart No. 6 of the Production Engineer- 


ing Division of the Production Department, we can locate the 


so-called "Production Planning Function" in the branch called 


"Planning and Processing". 


The functions of the "Planning and Processing Branch" 


Determine methods, operations, and sequence of 
operations. 

l-l - Prepare and release "Process Sheet." 
Improve methods or tooling in critical segments 
of the programs. 

Estimate of cost. 

Determine machine loading and man-hours of work 
required. 

Maintain balanced work loads in the production 


shops. 
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The head of the "Planning and Processing Branch" decides 
what has to be done and where, when and how it is to be done. 

In order to determine what has to be done to make the 
product, and to list all the necessary work, it is necessary 
to make an analysis of the operations. This means the re- 
quired manufacturing operations are listed as well as the se- 
quence in which they mst be performed. The “Process Sheet”, 
used for this listing corresponds to the "Standard Process 
Sheet", used in GE 183. 

The — of this sheet, with the "Standard Process 
Sheet" studied in GE 182, will be done in the second part of 


the procedure. 


d) 
COMMUNICATIONS BETWEEN PRODUCTION PLANNING AND OTHER 
BRANCHES OF THE ORGANIZATION 
Reference: Charts Nos. 4, 5, 6 and 7. 

The engineering department prepares tho "Project Pros- 
pectus", which includes information concerned with the sche- 
dule, blueprints, stock materials, commercial materials, 
tools, and spare parts; and sends them to the production de- 
partment. 

The master copy of the "Project Prospectus" is filed in 
the engineering department. 

The "Work Authorization Form" is written in the planning 
department and is sent to the production department. 

These basic data are sent from the office of the produc- 


tion department to the planning and processing branch via the 
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production engineering division. 

In the planning and processing branch, the "Work Author- 
ization Form” is sent to the "Control Section” and basic data 
required is taken for the preparation of the "Process Sneet". 

The Project Prospectus sheet No. 2 (Master Schedule) is 
sent to the Scheduling Section for purposes of schedule esti- 
mates, and to maintain a balanced work-load in each shop. The 
other sheets of the Project Prospectus are sent to the Pro- 
cessing Section, for tool requirements, gages, and for plan- 
ning the detail fabrication of the products, determining and 
recording methods and sequence of operations. 

The Process Sheet, when completed, is sent from the Pro- 
duction Engineering Division to the office of the Production 
Department, and then distributed to one of the Metal Process- 
ing, Light Machining and Assembly or Heavy Machining and 
Assembly divisions, where the product will be manufactured. 

The blueprint and the operator's instruction chart ac- 


company the Process Sheet. 
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II - DETERMINATION OF THE OPERATION OF THE U.S. NAVAL 
GUN FACTORY 


a) 
Manufacturing of the Product 
The manufacturing process consists of three distinct 
parts: 
l - Manufacture of the ingot. 
2 - Manufacture of the gun barrel forging. 
3 - Manufacture of the gun barrel. 
Manufacturing of the ingot 
The Naval Gun Factory makes its own steel. The Foundry 
is housed in four buildings: Steel Foundry, Brass Foundry, 
Brass Casting Cleaning Shop, and Smelting Plant. The largest 
of these is the Steel Foundry, which is housed in a building 
600 feet long by 132 feet wide. 
The melting department of the steel foundry consists of: 
a) One 7-R Heroult Top Charge Electric Melting 
Furnace. 
b) One 25-R Heroult Top Charge Electric Steel 
Melting Furnace. 
These furnaces are limited by the amount of electric power 
which can be produced by the Naval Gun Factory to a maximum 
production of 100 tons of steel every 24 hours, when operat- 
ing on a three shift basis. 
The chemical composition of the steel required to make 
the 5"/38 gun barrel, with minor variations in the percentages 
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of the components, is the same as is used in the National 
Forge & Ordnance Co. 

What was said about the process of manufacturing of the 
ingot in reference to the National Forge & Ordnance Company 
can also be applied to the Naval Gun Factory. 

The dimensions of the ingot are as follows: 

Maximum length = = =- = = = = = = = > 11* 1,93% 
Length of the octagonal part = - - - 8 
Maximum diameter (octagon) - - - - - 30* 
Minimum diameter (octagon) = = - - - 22" 
Length of the cylindrical part - - - 33" 
Diameter of the cylindrical part - - 18.96" 

The wood model of the ingot is manufactured by skilled 
pattern makers in the pattern shop. As the quantity of the 
ingots is large enough to require the use of a metal pattern, 
the wood model is reproduced in metal. In this shop more 
than 300,000 patterns of parts manufactured during the past 
twenty years are stored. The ingots are cast in metal molds 
of the most modern type, with adequate hot tops. 

Manufacture of the gun barrel forging. 

Forging, or the shaping of metal heated to a plastic 
state to the desired contour and dimension, requires powerful 
machinery. 

The major unit in the Forge Shop is a 2,000 ton steam- 
hydraulic forging press, with the necessary auxiliary equip- 
ment, i.e., a 30 ton overhead traveling crane and a battery 


of oil-fired heating furnaces with pneumatic door lifts. At 
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this machine the majority of guns required by the Navy in 
the two world wars were produced. 

From the foundry the ingot is taken to the forge, where 
it is brought to the forging temperature of 2,1009 F. 

The ingot is balanced by means of a porter bar and taken 
by an overhead crane to the hydraulic forging press. There the 
ingot is forged by repeated workings, the pressure being ap- 
plied gradually for about three seconds, with one second in- 
tervals between pressure applications. The forging operation 
is discontinued when the ingot has cooled to about 15509 F. 

The entire body of the ingot must be charged in the heat- 
ing furnace and heated for forging, and the first forging 
operation covers the entire ingot. 

The cooling of the forging is controlled in such a 
manner &s to insure that the temperature throughout the metal 
is equalized at above 12009 F., and that the rate of cooling 
from this temperature of equalization to 600% F. is slow and 
uniform. 

The gun barrel forgings are required to be uniform in 
quality and free from pipes, cracks, flakes, hard spots, and 
from all other defects that may affect their strength. 


Manufacture of the gun barrel. 
The gun shop is housed in a building with a floor area 


of 139,000 square feet, or slightly more than three acres. 
It is a versatile shop. It permits the accomplishment of a 
considerable number of projects at one time. Its work pro- 


gram is not confined to large guns, but has included the fol- 
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lowing types of ordnance: 
1) 3"/70 prototype 
2( 8 
3) 5"/70 prototype 
4) Rocket launchers 
5) Catapults 
6) 3" 50 modifications 
7) 5"/3" .75 squeeze bore gun 

For the large guns, a very intricate method of assembl- 
ing several fergings by expanding and shrinking is used. 

For the 5"/38 gun the process is in general the same as 
was outlined when the National Forge & Ordnance Co. was stud- 
ied. The forgings are rough bored and rough turned before 
heat-treatment. 

At the Naval Gun Factory, the fifth operation, layout to 
drill end for heat-treat; and the sixth operation, drill 44" 
hole, are not made. Instead, a collar is left on the muszle 
end of the forging to support the forging during heat treat- 
ment. This collar does not cover any part of the finished 
forging, and is used so the crane can hold the gun barrel in 
a vertical position for heating and quenching. 

No forgings are quenched except after sufficient rough 
machining to remove all forging scale and other surface de- 
fects. The methods and arrangements are such that a current 
of the quenching fluid flows freely through the bore. 

According to the specifications no forging shall be 
quenched more than five times, but the number of drawing 
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operations made after any quenching operation if not limited. 

Straightening after heat treating, when necessary, is 
carried out at a temperature not lower than 8009 F. and not 
higher than 1509 F. below last heat treatment temperature. 
Straightening is defined as the removal of a bow or arc in 
the forging not exceeding .004" per inch of forging length 
over which the bow or arc extends. 

The physical laboratory uses transverse and longitudinal 
specimens cut from the ends to determine whether the alloy 


meets the necessary physical requirements, which are: 


Transverse Longitudinal 


Specimen Specimen 
Tensile strength 90,000 90,000 
(lb.per sq.in.) minimum minimum 
Yield strength 65,000 65,000 
(lb.per sg, Än, minimum minimum 
Elongation 18 21 
(in 2 in.,per cent) minimum minimum 
Reduction of area 30 AO 
er cent minimum minimum 


The disks from which physical test specimens are to be 
taken are used for metallographic examination. Disks and 
Specimens are polished and ground whenever macro and miero- 
etching must be done. The specimens must not show porosity, 
non-metallic inclusions, segragations, cracks or flakes. 

The fracture of any tension must not show any stratifi- 
cation, lamination, or earthy or woody appearance. 

The term "runout", used in many operations during the 
process, means the total displacement registered by an indi- 
cator at any transverse section of an end-centered forging 


during one complete revolution. Forgings having a runout not 
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exceeding 150 percent of the value specified on the drawings 
are considered acceptable. 

The equipment used for radial expansion consists of two 
electrically driven pumps, of the three cylinder type, with a 
capacity of 14 gallons per minute at a pressure of 5,000 lb. 
per sq. in. 

The intensifier is double acting and has pistons of the 
ratio of 26.5 to 1. 

The maximum permissible runout of the outside diameters 
before radial expansion is .025". The bore of the forging is 
starguaged for each inch of its length, before the operation. 

If a section of the forging fails to withstand the pre- 
scribed expansion pressure, the physical properties of the 
forging at the weak section can usually be improved by cold 
working followed by the proper low heat and aging. The pro- 
cedure consists of giving the prescribed low heat temperature 
treatment, aging for 10 days, and then setting up for re-ex- 
pansion of the deficient stage. 

The pack bits used for gun boring are manufactured in 
the carpenter shop, which is one of the few plants in the 
country producing these items. The wood used is maple which 
is dried to the desired moisture content. 

To inspect the gun bore surface the Naval Gun Factory 
makes a local bore photograph at a magnification of 12x with 
a N.G.F. designed and manufactured boroscope. Local photo- 
graphs of bore conditions are made at various stages of manu- 


facture, 
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The Bureau of Ordnance established the Gage Division at 
the Naval Gun Factory, for the purpose of assuring rapid and 
accurate inspection. The Gage Division of the Planning De- 
partment supplies gages to all inspectors. They use an elec- 
trical bore gage to obtain internal diameter readings in the 
gun barrel. This very modern device for inspection permits 
rapid, accurate, and continuous readings of gun bore dimen- 
sions and presently is very useful in inspection and gun ero- 
sion tests. The laboratory of the division calibrates and 
examines individual gages to determine their conformity to 
specifications and their suitability as final acceptance in- 
spection gages. 

In conformance with the international temperature stand- 
ard for calibration of gages the laboratory is maintained at 
689 F. * 19 F., and to minimize corrosion the humidity is 
limited to 40% * 54$. 

The basic measuring elements of the laboratory, the gage 
blocks, are continually checked, and their measurements are 
known to one-millionth of an inch. 

A very important point to be considered in the operation 
of the Naval Gun Factory is the high efficiency of the Labora- 
tory Division in all phases of manufacturing. The laboratory 
facilities include a chemical laboratory, mechanical testing 
laboratory, melting laboratory, welding laboratory, heat 
treatment laboratory, stress analysis laboratory, metallog- 
raphy laboratory, and such non-destructive testing equipment 


as a 1,000,000 volt X-ray machine, magnaflux machines and 
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reflectoscopes. 

These services by making specialized tests and analysis 
of material, provide all facilities needed for controlling 
the quality of the Naval Gun Factory products. 

Às a summary of the manufacture of the gun barrel in the 
Naval Gun Factory, we can say: 

After forging - 
a) Forgings are rough turned between conters. 
b) Forgings are rongh bored to 4".150. 
e) Forgings are rough turned on outside diameters 
to: 
a) 13.65" 
b) 12.75" 
c) 11.00" 
d) 9.25" 
d) Forgings are heat-treated. 
Before Radial Expansion - 

1) Second rough bore is done, using a packed bit, to 
a diameter of 4.50". 

2) Third rough bore is done, using a packed bit, to 
a diameter of 1.65%, 

3) Using the last bore as center, the forging is set 
on centers and rough turned to within .003" of the 
outside diameters: 

a) 13.15" 
b) 12.25" 
e) 10.50" 
d) 8.75" 
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Radial Expansion. 
1) The barrel is set up ín the radial expansion equip- 


ment. 
2) Expanding operations are then performed using pressure 
from 79210 p.s.i. for stage one, to the final pressure 
for stage four equal to 45,200 p.s.i. 
After Radial Expansion. 

1) Re-expand the forging if necessary. 

2) Inspect. 

3) Finish bore. 

k) Hone. 

5) Finish turn. 

6) Rifle. 

7) Bore out chamber. 

8) Grind chamber. 

9) Cut threads. 

10) Interrupt threads. 

11) Machine extractor slcts. 
12) Cut key way. 

13) Chrome plate. 

14) Polishing. 

The last operation is performed in "Polishing and Plat- 
ing", a separated activity which was started at the Naval Gun 
Factory in 1898. In 1908 electroplating tanks for nickel, 
copper and silver were installed. The modern electroplating 
plant, with particular emphasis on chromium plating the bores 
of major caliber gun barrels, was installed in 1928. 
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The first gun barrel was chromium plated in 1928 and 
from tests it was considered of sufficient value to justify 


the continuation of chromium plate gun barrels. 


b) 
PLANT EQUIPMENT 


It seems clear that there is no job within the limita- 
tions of its space that the Gun Factory cannot perform. 08 
equipment which was geared primarily to the manufacture of 
armament, can be converted to the production of material 
other than weapons of war. 

The present factory is a series of shops, doing a malti- 
tude of tasks, yet with all the work coordinated into a gener- 
al master plan of design and production. 

A summary showing, for each shop of the Naval Gun Factory, 
the machines required to manufacture the gun barrel, will be 
given. This method of attack will be different from the meth- 
od used for the similar study made at the National Forge & 
Ordnance, due to the different functions of these two enter- 
prises. 

Metal Processing Division. 


1 - Foundry. 
1) 7-R Heroult Top Charge Electric Steel Melting 


Furnace. 
2) 25-R Heroult Top Charge Electric Steel Melting 
Furnace. 


3) Hydraulic Ingot Stripper. 
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4) Heating Soaking Pitt. 


2 - Pattern and Joiner Shop. 
1) Lathes - wood turning, 36" diameter. 


2) Swing saws - capacity 6" thick to 23" wide. 

3) Band saws - 30" to 42" capacity in width. 

L) Circular saws. 

5) Milling machines. 

6) Sanding machines. 

7) Mortise and Tenon machines. 

8) Routers. 

9) Moulding machines - 4" thick, Ê to 12" wide, 
self-feeding. 


3 - Forge Shop. 
1) 2,000 ton steam hydraulic forging press. 


2) 30 ton ground controlled overhead traveling 
crane. 

3) Battery of oil fired heating furnace with 
pneumatic door lifts. 

h) Porter bar. 

5) Saws. 

6) Vertical furnaces for heat treatment, 6? dia. 
x 60* deep. 

7) Quenching tanks for oil and water, 6* dia. x 
60? deep. 
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Heavy Machining and Assembly Division. 


l - Gun Shop. 
1) ll Engine lathes, capacity 30" dia., 30* long. 


2) 3 Engine lathes, capacity 82" dia., 80* long. 
3) 4& Engine lathes, capacity 96" dia., 88* long. 
k) 2 Engine lathes, capacity 20" dia., 6" long. 


5) 2 Engine lathes, capacity 10" dia., 30" long. 
6) 2 Engine lathe, capacity 22" dia., 16 ft.long. 
7) 1 Engine lathe, capacity 16" dia., 16 ft.long. 
8) 1 Boring machines - 16-3/l x 28* 6". 
9) 3 Boring machines - 82" día., 78%? long. 
10) 8 Boring machines - 96" dia., 90* long. 
11) 6 Boring machines - 26" dia., 25* long. 
12) 3 Boring machines - 13" dia. x 22* long. 
13) 1 Boring machine - 30" dia. x 90* long. 


14) lk Boring machines(le Blond)-Maximum speed 240 
T. pene 

15) 3 Radial drill presses - 5'. 

16) 2 Rifling machines, capacity 3" to 8" guns. 

17) 2 Rifling machines, capacity 8" to 18" guns. 

18) 1 Broach machine for rifling. 

19) 2 Honing machines, capacity 3" to 8" guns. 

20) 2 Honing machines, capacity - greater than 
8" guns. 

21) 2 Universal cylindrical grinders - capacity 
from .50" to 30". Dia., 10% long. 

22) 1 Cylindrical grinder, capacity .50" to 30" 
Dia., 10 ft. long. 
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23) 3 Cutter grinders. 

24) 1 Lipping grinder for bits. 

25) 1 Surface grinder, 10" dia. x 60* length. 
26) 2 Chamber grinder. 

27) 1 Vertical Milling Machine, 18 د"‎ 16"x 4*. 
28) 2 Thread Mill. 

29) 1 Planer, 15* wide, 25* stroke. 

30) 1 Planer, 3' wide, 6° stroke. 

31) 3 Shapers - 32" stroke. 

32) 3 Lapping machines. 


ت 


LAYOUT OF THE PLANT 


The size of the industrial organization is an important 
consideration in the making of the layout. The factory has 
188 buildings that sprawl over 125 acres along the Anacostia 
River. 

The factory set-up is so diversified that it is very 
difficult, considering the limitations of this thesis, to in- 
sure the necessary precision in making a drawing of the layout 
involving all phases of the manufacture of a gun barrel. 

The 21 shops which are engaged in the manufacture of 
various elements of ordnance are grouped into three major cat- 
egories: 

a) Metal Processing. 
b) Light Machining and Assembly. 
c) Heavy Machining and Assembly. 
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In each category we will give the names of the shops which 
are involved in the manufactur of the gun barrel. 
Metal Processing Division. 
1 - Foundry - castings in steel. 
2 - Pattern and Joiner shop - Pattern for casting and 
manufacturing of pack bit tools for boring. 
3 - Plating and Polishing - polishing and chromium 
plating. 
à - Forge - Heavy, medium, and light forgings. Heat 
treatment. 


Light Machining and Assembly Division. 
l - Tool shop - Manufacture of tools, jigs and fixtures. 


Heavy Machining and Assembly Division. 
l - Gun Shop - Manufacture and repair of guns of the 


following types of ordnance: 

1) 3"/70 prototype. 

2) 51/70 prototype. 

3) 5"/38 

k) 5"/54 

5) 3"/50 

6) 3"/50 - platforms 

7) Details of rocket launcher. 
8) Catapults. 

9) 3*"/50 - modifications. 
10) 3*"/50 - squeeze bore gun. 

The machines in these shops are in general grouped accord- 


ing to the type of operation they perform. We can say that, in 
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general, the Naval Gun Factory uses the "layout by process". 
This means that all engine lathes are installed in one sec- 
tion, boring machines in another, etc... 

Where a variety of products are produced at irregular 
intervals, this method is preferred. It has the advantage of 
maximum flexibility as far as machine usage and capacity are 


concerned. 
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III - DETERMINATION OF THE PAPER WORK INVOLVED IN PRODUC- 
TION PLANNING IN THE U.S. NAVAL GUN FACTORY 


a) 
Standard Process Sheet. 
Reference: Figure No. 6. 

In this factory the "Standard Process Sheet" is known by 
the code: PRNC-972a (Rev. 10-48). 

The Standard Process Sheet, called just "Process Sheet" 
in this organization, is prepared in the Processing Section 
of the Planning and Processing Branch, which is part of the 
Production Engineering Division of the Production Planning 
Department. 

1 - Definition. 
À Process Sheet is a listing of the work required 
to modify a product. 

2 - Purposes. 
The purposes for which a Process Sheet may be used 
are: 

1) To specify all production operations in 
their proper sequence, following a pre- 
determined processing method. 

2) To ascertain materials, tools and gages 
necessary. 

3) To establish man-hour allowances for manu- 
facturing operations and set-up time. 

k) To assign work to shops and to functional 
groups within the shops. 
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5) To determine the estimated cost. 


3 - Responsibilities. 
The Process Sheet is under the jurisdiction 


of the head of the production department who exer- 
cises line direction over the entire manufacturing 
process. He makes a general review of the process- 
ing and tooling planned by the head of the Process- 
ing Section of the Production Engineering Division. 
The supervisor of the shop reviews the processing 
and tooling from a craft point of view, to plan its 
accomplishment within the shop, to note any discre- 
pancies which may have been overlooked and call them 
to the attention of the authority immediately above 
him, or to propose alternative methods better suited 
to the shop consitions. 

+ =- Standard Operation Procedure. 

1) The Production Department receives the "Work 
Authorization" form (code:PRNC-NGF-1303) from the 
Planning Department, and the "Project Prospectus" 
from the Engineering Department, and makes the pro- 
cess sheet. 

2) The process sheet is organized by the "Heavy 
Machining and Assembly team" of the Processing Sec- 
tíon, in the case of the gun barrel. Everything 
concerning tool facilities is done in the Tool and 
Facilities branch of the Production Engineering 
Division of the Production Department. 
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3) After a general review and criticism of the 


processing and tooling planned by the Production 


Engineering Division, the Production Manager, head 


of the Production Department, sends the process 


sheet to the supervisor of the Heavy Machining and 


Assembly Division. This supervisor is in charge of 


three shops, one of which is: 


Shop R (Manufactures, assembles, inspects, 
overhauls, repairs, reconditions, and pre- 
serves heavy ordnance mechanisms and com- 


ponent parts, such as gun barrels.) 


The Supervisor of the Heavy Machining and Ássembly Divi- 
sion, together with the foreman of "Shop R", reviews the pro- 
cessing and tooling specified by the Production Engineering 
Division, in order 


to evaluate its soundness from a craft 


a) 


st andpoint ° 


5 - Drawing of the form. 
1) Head - 


Title: Production Job Order (Process Sheet) 
Code: PRNC-NGF-(Rev. 10.48) 

Sheet _ of 

Serial number, 

Sheet dated 

Supersedes sheet ^ 

Prepared by 

Checked by 

Examined by 

Approved (date) 


a) 
b) 
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2). Body - 

a) Shop number. 
The Routing Section in accordance with the 
"work-station load chart" furnishes this 
element to section 2 of the "Project Pros- 
pectus". 

b) Operation number. 
The numbers in this column indicate the 
sequence of operations. 

c) Tools and gages. 

The purpose of these last two columns is to provide the 
number and the name of the special tools and the special gages 
required for each operation. 

The standard tools and gages will be referred to as 
"standard" in these columns. To fill these columns the "tool 
and gage team" furnishes a complete list of the tools avail- 
able. 

Special tools and gages not available cannot be ordered 
until the detailed drawings of the parts to which they apply 
have been made by the Engineering Department. 

d) Machine group number. 

After grouping the work units into operations and arrang- 
ing the operations in the proper sequence, we now determine 
the group of machines within a department of a particular 
machine shop needed to perform the work. 

In the case of the gun barrel the machine shop will be 
the "Shop R", of the Heavy Machining and Assembly Division, 
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which is one of five divisions of the Production Department. 
e) Operation Description. 

States the operations necessary to manufacture the art- 
icle or part in the sequence established by the column 
"operation number”. The work units are listed within each 
operation in the order required in the process. 

f) Code of the operation. 
g) Schedule Date. 

To provide tentative information (at the earliest poss- 
ible date) which may be used as a general guide in the plan- 
ning of work to be performed by the Naval Cun Factory, the 
"Project Prospectus" has in its second section the "Master 
Schedule". 

This section is a Giant Chart type of master schedule. 
The first sheet will be the overall assembly schedule. For 
each assembled unit there will be a master schedule sheet. 
Thus, we can have for each operation a tentative schedule 
date, based on the master schedule sheet of the gun barrel. 
The scheduling section of the Planning and Process Branch 
maintains a balanced work-load in the shop to meet master 
schedule needs. 

h) Machine load hours. 

In considering the quantity of work assigned to the 
machine at each operation the form expresses it as the total 
number of hours of work in setting up the machine and in op- 
erating it. The machine load for a specific order can then 
be ascertained by multiplying the unit time allowance by the 
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number of pieces in the lot on order. 
1) Total labor/hrs. 

The standard time is set operation by operation, to give 
the total labor hours for each operation. This total labor 
hours is divided into two elements, set-up and operation. 
These standard times in the manufacture of gun barrels are 
obtained from existing data based on many years of experience. 

It is one of the functions of the "Processing Section" 
to make plans and estimates of machine loading and man-hours 
of work load. 

j) Estimated Cost. 

Based on previous data accumulated as a result of long 
experience in this kind of manufacturing the Processing Sec- 
tion knows the rate per hour required to perform each of the 
operations listed in the Process Sheet. The column "Estimat- 
ed Cost" gives the price of each operation based on the total 
labor hours of operation and on the value of the rate/hour of 
each machine involved in the operation. 

3) Bottom - 
a) Material Identification and Quantity 

The sections 4,5,6,7 and 8 of the Project Prospectus 
will furnish: 

h = Stock materials, 

5 

6 

7 - Bars, Rods, Sheets, Plates, Shapes, Pipe, 
and Tubing. 


Commercial materials. 


Casting and Forgings 


8 - Miscellaneous materials, 
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b) Job Order number, 
c) Drawing and piece number. 
d) Sehedule Date relative to: Stock materials, 
Drawings, Tools, Forging and Dies. 
e) Starting date. 
f) Completion date. 
g) Quantity, 
h) Manufacturing lot size. 
i) For Assembly Drawing Number: 
(1)-Drawing Revisions. 
L) Back Sheet - 
a) Summary of Schedule and Cost. 
Code: 972b (Rev- 5-48) 
This summary is divided in two parts: 
l - Material lot schedule. 
2 - Manufacturing lot schedule. 

Each one has the same number of columns which are the 
shop number or letter, the operation number, the number of 
pieces required by the schedule, and the number completed by 
the respective dates. These two last columns are filled in 
according to "lot number". There are other similar columns 
for other lots. This part of the sheet is prepared by the 
Scheduling Section of the Planning and Processing Branch. 

b) Summary Cost Data by Shop (estimate) 
It is an accepted practice when estimating the cost of pro- 
ducts to divide the cost into three main divisions: 
1 - Labor 
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2 - Material. 
3 - Overhead. 
In this part of the sheet, tho supervisor of the shop esti- 
mates cost for work being considered. The sheet has the fol- 
lowinz columns: 
- Shop number or letter. 
- Han-hours 
- Labor cost 
- Material 
5 - Overhead 
6 - Total 
c) ñctual Operating Time, 


£ A NM Pp 


Charged Man-hours. 
This part is to be filled out by shop when each operation is 
completed. There are four columns: 
l - Set-up time. 
2 - Operation. 
3 - Time lost. 
kh - Total. 


As we said in the Standard Operation Procedure, the Pro- 
cess Sheet is made after the Production Department receives 
the "Work Authorization Form" from the Planning Department, 
and the "Project Prospectus" from the Engineering Department. 

In this item we will summarize the functions of those 
forms from which the "Process Sheet" is originated. 


l ~ Production Work Authorization Form. 
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PRODUCTION WORK AUTHORIZATION Job Order Series Number 
PRNC-NGF -1303 





SR PARTS ! P AT! 
w - lo to be wau hi and machined) 
S - Parts to be drawn from finished store) 
SF. = — to be taken from ta and finished machined) 





broj. Prospectus  Schec lo date of completion © 


unita‏ ووا 
tio information necessary to plan wo oulo con=‏ 


tain data on materials, tools, drawings & arts to “bo furnished 
by the customer: Information or any special cost data required: 
Disposition information: Special tools, tests cr production 
data known to be required: Etc.) 








FIGURE NO. 7 
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Reference: Figure No. 7 
Code: PRNC-NGF-1303 
Purposes; 

1) To clarify the responsibility for control of 
industrial work. 

2) Provide a basis for controlling funds allo- 
cated to each order. 

3) Authorization to commence production of a 
specified part piece. 

4) To form a starting point for the control 
mechanism for one specified part piece. 
Issued by Plarning Department under juris- 
diction of the Product Department: 

a) Remain within the limitations of funds 
prescribed by the Planning Department 
in the "Work Authorization". 

b) Estimate and allocate funds in the 
detail required for production purposes 
and for reporting to the Planning Depart- 
ment any adjustments in requirements for 
funds, 

2 - Project Prospectus Form. 
Purposes: 

1) To provide tentative information which may be 
used as a general guide in the initial plann- 
ing of work to be performed. 

2) To provide advance information for the use of 


the Supply Department in making a material 
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forecast. 

To provide, after the authorization from the 
Planning Department, information to the Supply 
Department for procuring the material required. 
To keep all activities informed as early as 
possible about everything concerning material 
for a project. 

To provide the Production Department with the 
basic information to proceed with plans for 
manufacturing. 

To provide a historical record of important 
elements of each project so handled. 

issued by Engineering Department under juris- 
diction of Product Department. 

a) Uses the information found in the Master 
Schedule (Sheet number 2) in the plann- 
ing of Process Sheet. 

b) Uses the meterial information found in 
sheets Nos. 4,5,6,7,8 and 10 in the plan- 
ning of Process Sheet. 

c) Uses the tool and gage information found 
on sheet Ko. 9 in the planning of the 


Process Sheet. 


3) 


k) 


5) 


6) 
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b) 

Process Chart - Product Analysis. 

Reference:Figure No. 8 

Definition and symbols are the same as encountered in 
"Principles and PracticeMotion and Time Study", by H.E. Mundel. 

This chart is issued by the Methods Branch of the Manage- 
ment Division, of the Production Department. 

This branch has the following functions: 

1) Investigate latest improvements in manufacturing 
processes. 

2) Develop new methods and processes. 

3) Maintain liaison with the désign personnel for the 
development of new or improved manufacturing pro- 
cesses. 

4.) Make studies to determine the most efficient mach- 
ines and tools for specific manufacturing purposes. 

5) Initiate action for the standardization of the 
equipment. 

6) Conduct methods research tests and experiments to 


further improvements. 


c) 
Operator Instruction Sheet. 

This sheet is widely used in the Naval Gun Factory. De- 
tails of each particular operation and the sequence of steps 
to be followed are written, as well as the drawing or sketch 
concerned with the operation including all necessary dimen- 


sions and tolerances. 
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of Chart PROCESS CHART = PRODUCT ANALYSIS — — 


Method ORIGINAL — — Mcochine No. 

ieration ` MANUFACTURE OF COMPLETED PAT. Operation No. 

| GUN BARKEL (NGF yon, 32.) — Part No. 1m . 
t name GUN BARREL (NGF MOD, 1)  — Chart by per casmriro 
ل‎ — Date charted 
š | E PMBSOT سي‎ — Lr EXPLANATION 

IE 





NI f ` ARE RUNOU] 
9 TO RADIAL EXPA ION 
3 RADIAL EXPANSION 


TO INSPECTION 
D INSPECTION | 
8 TO BORING MACHI 
K FINISH BORE 

9 TO BENCH 






O sonoma — 
SN — 8 34 


9 TO ENG : HE 
3 FINISH TURN 
! Y TO RIFLE 
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The form is divided into three parts: 
Heading, 

l. Part name. 

2. Operation name. 

3. Department name. 

k. Machine Shop name. 

5. Group of machines? number & name. 
6. Quantity. 

7. Order number. 

8. Operation number. 

9. Drawing by 
10. Prepared by 
ll. Approved by 
12. Date issued. 


Body 
l.- Sequence of operations. 


2. Details of each operation. 

3. How to perform each operation. 
4. Tolerances for machining. 

5. Tools to be used. 

6. Feed. 

7. Speed. 
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SECTION THREE 


A COMPARISON BETWEEN THE U.S. NAVAL GUN FACTORY AND 
THE NATIONAL FORGE & ORDNANCE COMPANY 


I - Comparison of the Organization of the Industrial Enter- 


Prises. 


a) Structure of the Organization. 
Reference: Charts Nos. 1,2,3,4,5,6,7 of the enter- 


National Forge & Ordnance Co. 
1)Under the control of a board 
of directors, elected by the 
stockholders. 

2) A president selected by the 
board of directors is placed 
in charge of the formation and 
supervision of the policies of 
the factory. 

3) It has the following divi- 
sions that correspond to de- 
partments at the U.S.Naval Gun 
Factory. 


a) Engineering. 


b) Financial. 
c) Manufacturing. 


d) Testing Machines. 


prises. 
U.S.Naval Gun Factory 
1) Under the control of Bureau 


of Ordnance, Navy Department. 


2) It is administered by the 
Superintendent, a naval offi- 
cer of flag rank. 


3) It has the following de- 


partments: 


a) Management Planning and 
Review. 

b) Industrial Relations. 

c) Administrative. 

d) Medical. 
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e) Planning. e) Purchasing. 
f) Engineering. f) Sales 
g) Supply. 


h) Production. 
i) Inspection. 
j) Fiscal. 

k) Public Works. 


k) Fields of interest: k) Fields of interest: 
Design, develop, manufacture, Design, develop, manufacture, 
asseñble, inspect and test: assemble and inspect: 
a) Gun mounts of all calibers a) Gun mounts of certain cal- 
and types. ibers and types, under sub- 
b) Aviation ordnance. sidization of the government. 


b) Gun parts. 


c) Torpedo tubes. c) Crankshafts. 

d) Rocket Launchers. d) Eccentric Shafts. 
e) Projectiles. e) Piston rods. 

f) Fire control equipment. f) Shafts (all kinds) 
g) Cartridge cases. g) Turbines. 

h) Spare parts for ordnance. h) Valve forgings (special) 
i) Accessories for ordnance. i) Ingots (all kinds) 
j) Tools for ordnance. j) Billets. 

k) Mine cases. k) Machinery forgings. 
1) Range finders and telescopes. l) Railroad forgings. 
m) Fuzes. m) Rotor forgings. 

n) Sights. n) Smooth forgings. 


o) Castings in steel, iron and o) Bars and boring bars. 


non-ferrous metal. 
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U.S. Naval Gun Factory National Forge & Ordmance Co. 
p) Drop forgings. p) Die blocks. 
q) Other ordnance materials. q) Rough and finished ma- 
chined. 


The first three items of the above comparison, show the 
great difference between one establishment controlled by the 
government and one private industrial organization. 

The fourth item deals with the missions of the enterpris- 
es. 

The U.S. Naval Gun Factory has a very complex structure 
ready to meet ever widening demands in the fields of metal 
fabrication, machining, and optical, electrical and electron- 
ic development. 

The National Forge & Ordnance Co. has a simple structure 
where functions usually attributed to industrial relations 
and industrial engineering are placed in several other bran- 
ches of the organization. 

The fields of interest of the National Forge & Ordnance 
Co. are based on wide experience and extensive knowledge of 
how forgings should be made. They are not nearly as diversi- 
fied as the NGF. 

In the National Forge Co. the staff functions are cen- 
tralized in the "front office," with a minimum of activities 
decentralized in the factory. This is a pattern of organiza- 
tion recommended for plants that have a single manufacturing 
division involving the manufacture of very closely related 


producta. 
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The organisation of the Naval Gun Factory is an example 
of one large industrial enterprise interested in many fields 
of production. The chart of the Production Department shows 
the complexity of this organisation. The divisions of Pro- 
duction, Metal Processing, Light Machining and Assembly, and 
Heavy Machining and Assembly, each consist of three shops. 
These shops are organized also in accordance with a line- 
staff combination, with: 

a) Administrative office. 

b) Operations contro] sectíon. 
c) Production control unit. 

d) Receiving and shipping unit. 
e) Inspection Unit. 

f) Manufacturing Section. 

g) Assembly section. 


h) Group of machines sections. 
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b) 
LINE OF AUTHORITY, DEGREES OF RESPONSIBILITY, AND CORRES- 
PONDING DUTIES IN THE ORGANIZATION 


In both organizations there is delegation of authority 
which extends all the way through the factories from the 
superintendent or president to the supervisors, foremen and 
the workers at the bench. 

Lines of communication work two ways: from the executive 
to the personnel, and conversely from the worker to those who 
are in authority over him. The structural aspect of the two 
organizations studied creates the framework. The personnel 
aspect of the organizations deals with the selection of indi- 
viduals to fit into that design. 

Finally, there is the control aspect of organization, 
which holds individuals to the performance of their assigned 
duties. 

We will now make a comparison between the assigned duties 


of the main branches of the organizations in study. 


U.$. Naval Gun Factory National Forge & Ordnance Co. 
1) Engineering Department 1) Engineering Department 
a) Design, develop and modi- a) Design, develop and modi- 
fy designs of ordnance fy designs of products 
equipment. manufactured by the com- 
pany. 
b) Engineering research on b) Engineering research on 


a large scale. a very small scale. 
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c) None. 


d) Standards and specifica- 
tions. 

e) Drawings and biueprints. 

f) None 

g) Publications. 

h) Quality control is a 
section of the Manufac- 
turing Dept. 

i) Ballistics and munitions. 

j) Analysis and computation. 

k) Production planning. 
Analysis of operations. 
Standard process charts. 
Estimate Sheet. 

Improved Procedures. 
Time standards. 

Work simplification. 
Preparation of orders. 
Plant layout. 

Manufacturing Division 

a) Meltinz Department. 

al) Produce ferrous ingots 


and castings. 


a2) Forge shop, manufac- 


c) Analysis, test, and evalu- 
ation work associated with 
ordnance development. 

d) Standards and specifica- 
tions. 

e) Drawings and blueprints. 

f) Photographic service. 

g) Publications. 

h) Quality control. 


i) Ballistics and munitions. 

j) Analysis and computations. 

k) Production planning is a 
subedivision of the Pro- 


duction Dept. 


Production Department 
a) Metal Processing Division. 


al) Produce ferrous and non- 
ferrous ingots and cast- 
ings. 


a2) Manufacture press forg- 


2) 
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tures press forgings 
and hammer forgings. 
Heat-treatment shop 
does heat treatment 
operations. 
Flame-hardening shop 
does heat-treatment. 


None. 


Cutting tools. 


None. 
Repair and maintenance 


of electrical equipment. 


None. 


Machine Department. 


Manufacture gun barrels. 
Manufacture gun mounts. 
Manufacture gun parts. 
None. 


None. 


có) Perform heavy boring, 


a3) 


a) 


b) 


ings and hammer forgings. 


Heat-treatment operations. 


Flame-hardening. 


Light Machining and Assem- 
bly Division - Manufacture, 
assemble, inspect, test and 
repair. 


Tools, gages, jigs, fixtures bl) 


b2) 
b3) 


سا 


c) 


el) 
c2) 
e3) 
ch) 
e5) 


and dies. 

Optional instruments. 
Assemble, test and cali- 
brate electrical and elec- 
tronic instruments. 

Light manufacturing and 
assemble. 

Heavy Machining and 
Assembly Division. 
Manufacture gun barrels. 
Manufacture gun mounts. 
Manufacture gun parts. 
Manufacture torpedo tubes. 
Manufacture rocket leunch- 


ers. 


a3) 


ak) 


b) 


b1) 


b2) 
b3) 


bh) 


c) 


cl) 
c2) 
c3) 
ch) 
c5) 


có)Ferform heavy boring, turn- 
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turning, milling, lap- 
ping, planing, drilling, 
rifling, honing, and 
grinding. 

c7) Perform radial expansion. 


c&) None 


c9) None 


c10) None 


d) None 


dl) None 


dll) Production Planning 
Dept. of the Engineer- 
ing Div. 
d2) Cutting tools section of 
Material Department. 
a3) Production Scheduling 
section of Material 
Control. 
e) Personnel Department. 
el) Personnel section. 
e2) Production Planning 
division of Engineer- 


ing Department. 


ing, milling, lapping, 
planing, rilling, rifl- 
ing, honing, and grinding. 


c7) Perform radial expansion. 

c) Manufacture ordnance pro- 
totypes. 

c9) Assembly prototypes. 

c10) Perform pressure test- 
ing and operate controll- 
ed temperature rooms. 

d) Production Engineering Div- 
ision. 

dl) Planning and Processing 
branch. 

dll) Processing section; 


Production P 
d2) Tool and facilities. 


d3) Process Control. 


e) Management Division, 
el) Personnel branch. 
e2) Methods branch. 
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e3) None 
el) None 


e5) Security section. 


e6) Timekeeping section. 


e3) Administrative branch. 

el) Project officers. 

e5) Security division of the 
Administrative Dept. 

e6) Time keeping branch of 
Áccounting division of 
the Fiscal Dept. 


f) None f) Material Control Dept. 


f1) Supply Department fl) Supply stores section. 


f2) Final inspection sec- 
tion. 


f3) Shipping Section. 


fh) Production and Sched- 
uling Section. 


g) Production Services 


Department. 
gl) Quality Control sec- 
tion. 
gll) Physical labora- 
tory. 
gl2) Chemical laboratory. 
gl3) Testing laboratory. 


£2) Inspection Department. 


£3) Shipping section of the 

Traffic branch of the 

Material division of the 

Supply Department. 

f4) Progress Control branch of 
the Production Engineering 
division of the Production 
department. 

None 


gl) Laboratory Division. 


gll) Materials Engineering 
branch. 

£12) Chemistry branch. 

gl3) Test and evaluation 


branch. 
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U.S. Naval Gun Facto National Forge & Ord.Co. 

h) In the Production Dept. h) Mechanical maintenance 
section. 

i) In the Production Dept. i) Electrical section. 

j) In the Production Dept. j) Welding and cutting 
tools. 

3) Fiscal Department 3) Financial Division 
a) Administrative office a) None 


(staff assistance) 


b) Accounting division. b) Accounting section, 
bl) Payroll branch. bl) Payroll sub-section. 
b2) Timekeeping system. b2) Section of the Person- 


nel Dept. of the Manu- 
facturing Division. 
b3) Costs branch. b3) Costs Section. 
bk) Stores returns branch. bi) None. 


c) Tabulating services Divi- c) Hone 


sion. 
d) Disbursing Division. d) Treasurer Department. 
e) None e) Taxes & Government con- 


trols. 
4) Purchase branch of the Control 4) Purchasing Division. 
division of the Supply Dept. 


5) None 5) Testing Machine Division. 
6) None 6) Sales Division. 
7) Industrial Relations. 7) None 

a) Labor relations. a) Personnel Dept.of the 


Manufacturing Division. 
b) Training. b) Personnel Dept. of the 
Manufacturing Division. 
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Forge & Ordnance Co. 

c) Personnel Dept. of the 
Manufacturing division. 

d) Personnel Dept. of the 
Manufacturing Division. 

e) Personnel Dept. of the 
Manufacturing division. 

Mechanical Maintenance 

Section of the Production 

Services Dept. of the 

Manufacturing Division. 

None | 

a) None 

b) None 

c) First aid. 

d) None 

e) None 


inanci Di ion 


ly Stor tion, 
of the Material Control 
Dept. of the Manufactur- 


ing Division. 


Inspection section of the 
Material Control Dept. of 


the Manufacturing Division. 


Nation 


8) 


9) 


10) 


11) 


12) 


U.S. Nav Gin Facto 


c) Wage. 


d) Placement. 


e) Employment. 


8) Public Works Department, 


Design, inspect and main- 


tain public works and public 


utilities. 

9) Med De n 
a) Medical care. 
b) Physical examinations. 
c) First aid. 
d) Preventive medicine. 
e) Industrial hygiene 


10)Planning Department 
Administer its budgetary 


program and allocate funds. 


11) Supply Department 


Procure, store and issue 
materials and equipment. 
Storage and distribution 
point. 
12) Inspection Department 
Test and inspect material 


manufactured or procured. 
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c) 
POSITION OF PRODUCTION PLANNING IN TEE ORGANIZATION 


ln the organization of the U.S. Naval Gun Factory, "Pro- 
duction Planning" is in the Production Engineering Division 
of the Production Department, 

À simplified chart will show this location better. This 
chart is No. 8. 

In the organization of the National Forge & Ordnance Co., 
"Production Planning" is in the Engineering division, under 
the supervision of the Chief Engineer. 

A simplified chart will show this position more clearly. 
This chart is No. 9. 

The Naval Gun Factory is greatly concerned over means of 
securing coordination and utilization of all requirements of 
production. This is the main reason why production planning, 
which deals with methods, processes and machines involved in 
manufacture, and with how to perform the operations, is lo- 
cated in the Production Department. 

On the other hand, we observed when we studied the Na- 
tional Forge & Ordnance Co., that to the "Chief Engineer’, 
head of the Engineering Division was delegated a large amount 
of authority, responsibility, and work. I think these facts 
are the reasons why production planning was put in the Engi- 
neering Division, 

Both factories do not have an "Industrial Engineering" 
division, where the "Production Planning" function could be 


placed, 








s ou ww وی —— سي مه‎ 
مسینو‎ AMA METIA Y MOTTA ` 

—— db Deg Aen md re cotin | 
AR o o. 

d A ATP d 

A‏ ندم سكا biih voti‏ هخد waded‏ وه 

a > e ru 

ا o‏ فم هو سی e‏ 

E e sls 2 
-n I 


Na. . 















— 
: ¿at al rud 


tu aber ing Lim le sébAbei[/oe lon 
amb cálidas rth ve: ولا‎ — 
éi Nd Ate wir eyed oË ص :د کس‎ , za 
هسدوا چ سوه‎ ad — 
مسم شو م وبوا توو ویب‎ mm ام مسوم سا‎ 
— hdd ب سم‎ zap b omma o | 
raa pul û ele am ms لاه مک‎ 
— — د فقت‎ he im «di Llodra ¿w 
eat air سے د‎ wa ارس ا وسو ماواد‎ 
wanbasy 
ها سوه مس‎ tag eras له هوکم تم‎ 
"° sm مو ام‎ szore sa ral, 


- = 


ale 


۸ 3010۷43 NAD 'IVAYN °S°N AHL NI 2111۱۷14 ۱۱01330001364 JO NOILISOd - 8 *'ON LHVHO 


مید 


e. 






suəuszedəq 
uora5npozrx 


1228 





up‏ همه pe EY ` A‏ انس مو ېو ۸م مز مو مسوم 


123 


An Industrial Engineering Division in the Manufacturing 
Department of the National Forge & Ordnance Co., would be 
the best place to locate the "Production Planning Section", 
without a great alteration in the actual organization. 

In the Naval Gun Factory, we could have an Industrial 
Engineering Division in the Production Department, subdivid- 
ed into three branches: Production Planning, Plant Layout, 
and Motion & Time Study. 

Today, Industrial Engineering should be looked upon as 
an essential part of every industrial organization. 
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d) 
COMMUNICATIONS BETWEEN THE PRODUCTION PLANNING FUNCTION 
AND OTHER BRANCHES OF THE ORGANIZATION 


In the National Forge & Ordnance Co., the Engineering 
Division prepares the drawings and bill of materials, from 
which the standard process sheet is made in Production Plan- 
ning Department. In the Naval Gun Factory, the Engineering 
Division prepares the Project Prospectus which provides all 
necessary information to plan for manufacturing. 

The Project Prospectus establishes communications to 
the Planning,Engineering, Production, Supply, Public Works 
&nd Inspection Departments. The Project Prospectus is an 
improvement found from the experience of the various depart- 
ments to be necessary. 

From the office of the General Superintendent of the 
Manufacturing Division the forms are distributed to the diff- 
erent sections in the National Forge & Ordnance Co. From 
the office of the head of the Production Department, the forms 
are sent to the shops supervisors. 

As these two plants have completely different missions, 
the communications among the various branches must be fitted 


to the needs of the organizations. 
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II - COMPARISON OF THE OPERATION OF THE INDUSTRIAL 
ENTERPRISES 
a) MANUFACTURING THE PRODUCT. 

The manufacturing process will be compared in three dis- 

tinct parts: 
1 - Manufacturing the ingot. 
2 - Manufacturing the gun barrel forging. 
3 - Manufacturing the gun barrel. 

1 - Manufacturing the ingot. 

Both factories make their own steel. As a result, they 
are able to control the quality of their steel. 

In the National Forge & Ordnance Co., no steel is poured 
until the chemical laboratory of the Quality Control Section 
of the Manufacturing Division has checked the analysis and 
approved it. 

In the Naval Gun Factory the procedure is the same. 

The furnaces in the Naval Gun Factory have a maximum pro- 
duction of 100 tons of steel every 24 hours. These furnaces 
are limited by the amount of electric power which can be pro- 
duced by the Naval Gun Factory, when operating on a three 
shift basis. 

In the National Forge & Ordnance Co., the melting furnace 
can produce two heats each shift, or four ingots. This fur- 
nace mst operate at night to conserve on the demand from the 
electric company. 


There are some variations in the dimensions of the ingot: 
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Dimension 


Maximum length 


Length of the octagonal pari 


Maximum diameter(octagon) 
Minimum dianeter(octagon) 


NGF. NF .&Q. 
11*1.5" 13" $* 
8t 10* 9" 
30" 28.125" 
22^ an 
33" ga" 
18.96" 19* 


Length of the cylindrical part 
Diameter of the cylindrical part 


The Naval Gun Factory makes the metal molds for casting 


the ingots in the Pattern Shop. 


The National Forge & Ordnance Co. uses metal molds with 


adequate hot tops, but does not manufacture them. 


rrel forging. 


Nati 


Forge & Ordnance Co. 
Forging temperature 
2,250° F. 

1,250 ton die high 
speed forging press. 
10,000 lb. straight 
line manipulator. 
The forging operation is 
stopped when the temper- 
ature drops below 18009F. 
Magnaflux inspection for 
checking forgings for 
defects due to improper 


cooling after forging, 


a) 


b) 


c) 


d) 


e) 


rins the n 


Fact 


2,000 ton-steam-hydraul- 

ic forging press. 

The ingot is balanced by 
means of a porter bar. 

The forging operation is 
discontinued when the ingot 
has cooled to about 1550°F. 
X-ray machine for radio- 
graphic inspection of the 
ingots. 


2 - Manufac 
U.S. N 
a) Forging temperature 2,100? F. 


b) 


c) 


d) 


e) 
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U.S. Naval Gun Factory National Forge € Ord.Co. 
and for determining 


non=metallic inclu- 
sions, cracks, laps, 
eto... 
f) Ultra-sonic testing equip- f) None 
ment to detect discontinui- 
ties in steel up to thick- 


nesses of 20 feet. 


3 - Manufacturing tke gun barrel. 
References: Process Charts - Product Analysis. 


U.S. Naval Cun Factor National Forse % Ordpance Co. 

a) The centers are determined a) The centers are determin- 
on the bench, before start- ed at the Horigontal Cen- 
ing machine operations. tering Machine, before 

starting machining oper- 
ations. 

b) The centers are obtained b) The centers are obtained 
by means of a combined drill by means of a combined 
&nd counter-sink tool, as drill and counter-sink 
an engine-lathe work unit. tool when the barrel is 

set-up in the Horizontal 
Centering Machine. 

c) When the gun barrel is rough c) No collar is left. 
turned a collar is left on 
the muzzle to serve as sup- 


port for the heat-treatment. 
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National Forze & Ordnance Co. 


Lay-out to drill end for 
heat-treatment. 

Drill 4i hole to attach 
the forging to the fix- 
ture so that it can be 
suspended in the Vertical 
Heat Treating Furnace. 
The heat-treatment is 
made in the Heat-treat- 
ment shop within the 
Machine Department. 

The gun barrel is already 


in the machine shop. 


None. 


After the second hognose 
the gun barrel is indi- 
cated and runout marked, 
and then it goes to the 
Radial Expansion opera- 


tion. 


d) 


e) 


f) 


g) 


U.S. Naval Gun Factory 


None 


This operation is not done, 
instead a collar is left 


on the muzzle end. 


The heat-treatment is done 


in the Forge Shop. 


After Heat-treatment the 
gun barrel is again trans- 
ported to Shop R. 

Quantity inspection at Shop 
R after heat-treatment in 
the Forge Shop. 

After the third rough bore, 
which corresponds to the 
second hognose, the gun 
barrel is indicated and 
runout marked, and then it 
goes to the engine lathe 
where it is rough turned to 
within .003" of the final 


diameter. 


d) 


e) 


f) 


g) 


h) 


i) 


j) After honing the next opera- j) After honing the next 
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National Forge ¢ Ord. Co. 


operation composed of 
4 work units is finish 
turn, file, polish and 
cut threads. 
This operation was per- 
formed as & work unit 
in the item j. 
The polish treatment is 
given by special polish- 
ing devices which are 
held by the workers while 
the gun barrel is rotat- 
ing in the lathe. 
The gun barrels are kept 
in controlled storage at 


the Shipping Department. 


Number of operations 34. 
Quantity inspections 2. 
Quality inspections 6. 
Movements AS, 
Temporary storage 1. 
Controlled storage 1. 
The layout of the plant 
permits the flow of the 
product to remain inside 


k) 


1) 


m) 


n) 
o) 
p) 
q) 
r) 
8) 


00 


U.S. aval Gun Factory 
tion composed of 1 work 


unit is finish turn in 


the engine lathe. 


k) The threads are cut in 
a thread mill. 


1) Chromium plating and pol- 
ishing are done in the Pol- 
` ishing and Plating Shop. 


m) The gun barrels are kept in 
controlled storage at the 
Heavy Machining and Assem- 
bly Dívision. 

n) Number of operations 21. 

o) Quantity inspections 4. 

p) Quality inspections 8. 

q) Movements 38. 

r) Temporary storage  O. 

s) Controlled storage 2. 

t) The distance traveled by 
the gun barrel, consider- 


ing that many operations 
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U.S. Naval Gun Facto Netional Force & Ord.Co. 
were performed in differ- of one building, and 
ent buildings is much this is the reason for 
greater than in the Nation- the great economy in the 
al Forge & Ordnance Co. distance traveled by the 


gun barrel. 


b) PLANT EQUIPMENT 


U.S. N n Factor National Forge & Ordnance Co. 
1 = Foundry Shop 1 - Melting Shop 
a) Electric Steel melting a) Electric steel melting 
furnace = = = = 2 furnace = = = = 1 
2 - Pattern and Joiner Shop. 2 - None. 
3 - Forge Shop 3 - Forge Shop 
&) 2,000 ton stean hydraulic a) 1250 ton high speed steam 
forging press - - 1 hydraulic forging press-1l 
b) Porter bar == = 6 b) Straight line manipu- 


lator = = ə e e 1 


c) Boilers - - - - -~= c) Boilers - - - - 2 
d) Saws - - --- - d) Saws = - - - - 2 
l = Gun Shop ېا‎ - Machine Department 
a) Boring machines = 28 a) Boring machines = 7 
b) Engine lathes - - 25 b) Engine lathes = = 7 
c) Rifling machines - A c) Rifling machines = 8 
d) Honing machines = A d) Honing machines = 2 
e) Planers - - - - 2 e) Planers - - - - 3 
f) Grinders = - - - 9 f) Grinders = ~- = - 2 
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U.S. Naval Cun Factory National Forse & Ord. Co. 
g) Drills - - - - 3 E) Drill - - - - 1 
h) Milling machines - 1 h) None 
i) Thread milling i) None 


machines - - سه‎ 2 


j) Shapers = =- - - 3 j) None 
k) Lapping machines - 3 k) None 
1) Broach machine for 1) None 


rifling- - =- - 1 


c) LAYOUT OF THE PLANTS 

When we are considering the Naval Gun Factory with 188 
buildings over 125 acres we must remember that the 21 shops 
are engaged in a multitude of tasks, since the mission of the 
factory is very diversified. As a conclusion we can state 
that in general the machines in the shops are grouped ín ac- 
cordance with the type of operation they perform. This 
means that all engine lathes are installed in one section, 
boring machines in another, etc... 

Thus we can say that, in general, the Naval Gun Factory 
uses "layout by process". 

In the National Forge & Ordnance Co., on the other hand, 
the machine tools are laid out bythe "productioneline method", 


in the sequence in which they are used. 
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III - COMPARISON OF THE PAPER WORK INVOLVED IN THE PRO- 
DUCTION PLANNING FUNCTION OF THE ENTERPRISES. 


a) Standard Process Sheet 


U.S. Naval Cun Factory National Forge & Ordnance Co. 
l - Code l - Code 
PRNC - 972a (Rev.1048) Form No.12 9-45-3000M 
2 - Purposes 2 - Purposes 
&) To specify all production a) To specify all produc- 
Operations in their pro- tion operations in their 
per sequence, following proper sequence, follow- 
àa pre-determined process- a pre-determined pro- 
ing method. cessing method. 
b) To determine material b) None 


identification and quan- 
tity. 

c) To determine tools and c) None 
gages necessary. 

d) To determine man-hour allow- d) To determine operation 
ances for manufacturing op- estimated time, includ- 
erations and set-up time. ing the set-up time. 

e) To assign work to shops and e) To indicate the shop 
to functional groups within where the operations 
the shops. will be done and the 

equipment which will 


be used. 
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U.S. Nav Cun Facto 





3 - Responsibilities. 3 - Responsibilities. 

a) Issued by the head of the a) Issued by the Chief 
Production Dept. who ex- Engineer who takes all 
ercises line direction of responsibilities in the 
the entire manufacturing matters concerned with 
processes, and gives the design and production 
"approval". planning. 

b) "Examined by" the head of b) None 


the Production Engineering 
Division of the Production 
Department. 
c) "Checked by" by the head c) None 
of the Planning and Process- 
ing Branch of the Production 
Engineering Division. 
d) "Prepared by" the head of the d) None 
Processing Section of the 
Planning and Processing 
Branch. 
e) The information concerned e) None 
with schedule estinates is 
given by the head of the 
Schedule Section of the Plan- 
ning and Processing Branch, 
who assumes the responsibility 


for it. 
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National Force & Ord.vo. 


Standard Operation Pro-‏ = ېا 


U.S. Naval Gun Factory 


h - Standard Operation Proce- 


dure. cedure. 

a) The process sheet is based a) The process sheet is 
on: based on: 
al) "Work Authorisation al) "Sales Order" give 

Form" ing the "manufactur- 
ing authorization". 
a2) "Project Prospectus". a2) Bill of Materials. 
a3) Included in a2. a3) Blue prints. 

b) The process sheet is made b) The process sheet is 
out by the Heavy Machining made out by the "plan- 
and Assembly team, of the ner clerk?" of the Pro- 
Processing Section. duction Planning Dept. 

c) After being approved by c) The process sheet is 
the head of the Production iorwarded to the super- 
Department,the process intendent of the Manue 
sheet is forwarded to the facturing Division. 
supervisor of the Heavy 
Machining and Assembly 
Division. 

d) After being reviewed by the |. d) After being reviewed by 


the superintendent, the 
process sheet is for- 
warded to the supervi- 
sor of the Machine Dept. 
and then to the foreman 


of the Machine Shop. 


supervisor of the Heavy 
Machining and Assembly Di- 
vision the process sheet is 
forwarded to the foreman of 


Shop R (gun shop). 
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U.S. Naval Gun Factory National Forse & Ord.Co. 
5 - Drawing of the form 5 - Drawing of the fora 
a) Heading a) Heading 
al) Code al) Code 
a2) Title a2) None 
a3) Sheet____of a3) None 
al) Serial number ak) Nane 
a5) Sheet dated a5) None 
aó) Supersedes sheet a6) None 
a7) Prepared by a7) None 
a8) Checked by a8) None 
&9) Examined by 89) None 
al0) Approved - date alO) None 
all) None &ll) Customer Order. 
al2) None al2) Customer name. 
813) Job order(bottom of al3) Shop order 


the sheet) 
all) Completion date(bottom alk) Promised 
of the sheet) 
al5) Material identification. al5) Steel 
(bottom of the sheet) 
al6) Quantity(bottom of sheet) al6) Number of pieces 
al7) Drawing and piece name. al7) Description 


(bottom of sheet) 


alg) None alë) Treatment 
b) Body b) Body 
bl) Shop number bl) Machine number 


b2) Tools and gages b2) None 
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National Forge & Ordnance Co. 


Machine number. 

Name of operation. 
Promised (head of 
sheet). 

Estimated time. 

None 

Estimate sheet(a sepa- 
rate sheet which has 
the code NF&@Co Form 
264) 


c) Bottom (this sheet does 


have bottom) 
Description and number 
of pieces(head of the 
sheet ) 

Shop order (head of 
the sheet) 

Description (head of 
the sheet) 


None 


None 

Promised (head of the 
sheet ) 

Number of pieces (head 


of the sheet) 


b3) 
b4) 
b5) 


b6) 
b7) 


b8) 


not 


cl) 


c2) 


c3) 


ch) 


c5) 
c6) 


c7) 


U.S. Hav Gun Facto 


b3) Machine group number. 


Operation Description. 


Schedule date. 


Machine load hours. 
Total labor hours. 
Estimated Cost. 


bk) 
b5) 


bó) 
b7) 
b8) 


Bottom 


cl) Material Identifica- 


tion and quantity. 


Order number. 


Drawing and piece num- 
ber. 

Schedule date, concern- 
ing stock, drawings, 
tools, forgings and dies. 
Starting date. 

Completion date. 


Quantity. 


c2) 


c3) 


ch) 


c5) 
c6) 


e7) 


c) 
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U.S. Naval Gun Facto National Forge & Ordnance Co. 
c8) Manufacturing lot c8) None 
size. 
c9) Assembly drawing num- c9) None 
ber. 
c10) Drawing revisions. clO) None 
d) Back Sheet. d) Nothing is printed on the 


back of the sheet. 


dl)Summary for schedule dl) None. 
& cost. 

d2) Summary cost data by d2) None 
shop. 

d3) Actual operating time. d3) None. 


In the form used by the National Forge & Ordnance Co., 
it was noted that the form was set-up in order to obtain a 
logical and definite sequence of operations performed on a 
certain product at a determined machine and at an estimated 
time obtained from existing data. The form is very simple, 

The estimated costs, to be checked later with the actual 
costs as computed by the Accounting Department, are obtained 
from a special form called an "Estimate Sheet" made after 
preparing the "Standard Process Sheet". 

A considerable amount of time is saved and great simpli- 
city is gained in the preparation of the process sheet by the 
procedure used in the National Forge & Ordnance Co. The weak 


points observed in the "Standard Process Sheet" of the Nation- 
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al Forge & Ordnance Co. are: 

l - One column to specify the tools, jigs, fixtures and 

special gages, for production operations. 

2 - The estimated time should be divided in two columns: 

1) Time to perform the operation. 
2) Time for set-up. 

3 = One column to indicate the number of pieces finish- 

ed in each operation in a certain unit of time. 

li - The head of the form should include: 

1) Prepared by 
2) Approved by 
3) Date issued 
k) Date suptd 
5) Assembly No. 
6) Sub-assembly No. 
The great advantage of the sheet is its simplicity. 

On the other hand, the Standard Process Sheet used in 
the Naval Gun Factory is very complex. This sheet, however, 
&cconplishes entirely the purpose for which it was designed. 

Considering that this sheet is used for the following 
purposes, its complexity is justified: 

l - Plan and specify all production operations. 

2 - Develop time and cost requirements. 


e Determine lot sizes. 


Ascertain materials and tooling needs. 


3 
4 
5 « Assign work to shops and to functional groups 


within the shops. 


ZEE QU ab‏ — — = = ھ 
٤د ¿wasl Dess eI classe wZ uas eO‏ "مور ma‏ 


ar "maps matin, "42 a La YS 










(ames r a drad w Almas echt eimifima sdf اڅ‎ 
cec mr mundi" or عم‎ OR 

"äi wzr‏ هم 
manis QQ. d‏ لو A Yw nemme ess sibni‏ 
—— د ده »مهه j ¿uQ‏ + صسصټومد A Sa dion‏ 
I MAALAAR MDrora ata mdr to las mf ed‏ 

o eap it 
تد »)یم ې‎ 
"sssi nl dr لرل‎ 
اج |) که مواه‎ 
لتا نل سس سا‎ 
q... E 
rdéttbumio wit کم غد‎ s 
— ⸗ El del re Séi 8 
inresa AMM A NAS 0 
AR Wap Có BASES "e EROS ALTA 04 
Dn و‎ ae ae 
A لل‎ t 
A mr, Is YIU? mu alye B = 
A see oy 9 ES gol 
| — — 
(00 =a aiie Am slatra -قموهحفاه‎ Ó 
عا ٥ه اسم اصسحعداد ون ېه‎ ub c وځ‎ ' 
sw ra biteni د‎ 















| 











139 


6 - Identify materials to be used and quantity. 


7 - Accumulate date on manufacturing experience. 


b) Process Chart - Product Analysis 
l - Purposes. 
In both factories the uses of this chart would be the 

same and they are: 

l - To help in planning for a product or layout. 

2 - To verify the necessity of doing a particular 

job before attempting to improve it. 
3 - As & guide in the over-all analysis of plant 


operation. 


2 - Responsibilities. 

In the Naval Gun Factory this chart is issued by the 
Methods Branch of the Management Division of the Production 
Department. 

In the National Forge & Ordnance Co., this chart is made 
out in the Production Planning Department under the responsi- 
bility of the Chief Engineer, head of the Engineering Divi- 


sion. 


c) Operators Instruction Sheet 
In both organizations this chart gives details of the 


particular operation. 
In the National Forge & Ordnance Co., the chart shows a 


Sketch of the piece and the standard time for one piece, 

















Cet tere LE ان لم وسوا‎ — ie 
لل سب وس‎ £ Ç 
e s - — — 
em e Ù 
e ar him وید‎ "LÉI ly em D pi OAT Hrot 
— ٢ e vta wer Be e 


vum mi wa Asse a A anty ar gini reg 
Walesl se, o miv lo pties ese (liwy Joe 
dE awutem] o3 yr tmmtus emr ont 
suela 30 Abts بتلاو لی نم مون -ج:؟‎ e ed - € 
موم‎ 


. 02} LHPIaneqs 
ai ri bisat al jod abir reizt ve و ملو رما‎ 
مهد ونت‎ ١ £27 1۵ م١١ دنه «سمصسېا‎ lo ده‎ 


dates A apen Landa‏ 90 اول — مسوم 


"gr? st? په مه ودام هعمناږ کنسښسمېمد نه‎ 
-1sië sapspanhamq sn? Ye feed ni 04 lê Jk 


wir to aLEAzAS rer fe Pasie sit? vuol یر پوبږ‎ 


ولصیف مهس ان 
mit al‏ اسهامما s ewona SERES ei n sonik A ere‏ 
Aaaa‏ دم ورب Djabassa añs tàs‏ شم هغه سو په 








140 


besides the necessary details of the operation. 

A characteristic of this sheet in the National Forge & 
Ordnance Co. is its use as a Time Record, and for cost ac- 
counting and payroll purposes. 

In the Naval Gun Factory it is also largely used in the 
shops. Details of each particular operation and the sequence 
of the steps are written on the drawing concerned with the 
operation, which also contains the dimensions and tolerances 
pertaining to the operation. 

The type of chart used in the Naval Gun Factory is a 


very good example of a chart for detailed instruction. 
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SECTION FOUR 


BRAZILIAN NAVAL GUN FACTORY 


l - History. 
Though the idea of manufacturing guns in Brazil is an 


old one, the first definite step towards its realization was 
taken at the end of 1939, under the pressure of the second 
world war. 

A Brazilian Mission headed by Comdr. Ayres Fonseca Costa 
(now a Vice-Admiral) was sent to the United States, with the 
objective of reporting on the possibilities of installing in 
the Rio de Janeiro Navy Yard the additional equipment needed 
for the manufacture of medium caliber guns. 

The main factor of success of the mission was the help 
of the U.S. Navy, through which the Brazilian Mission received 
advice, was able to visit the Naval Gun Factory in Washington, 
received drawings and specifications for the manufacture of 
the 5"/38 double purpose guns, and could place orders for the 
equipment needed when export restrictions came as a result of 
the war. 

It must be recalled that the Brazilian Gun Factory was 
considered then ag a U.S. Navy project and granted a high pri- 
ority, without which most of the orders could not have been 
even accepted by the manufacturers. 

In spite of all difficulties brought forth by the inter- 
national situation, the project went through, and by the end 
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of 1943 the Brazilian Mission could return home to begin the 
installation of the shops. 

The first years were particularly difficult. The war 
was still on and deliveries were very much delayed. The raw 
materials, which could not be purchased in Brazil, were order- 
ed as early as 1942 and yet most of them were not delivered 
until the end of 1945. 

The development phase of the Naval Gun Factory up to the 
finishing of the first gun can be summed up by the following 
steps: installing, organizing, training and manufacturing. 

The Naval Gun Factory is equipped for the manufacture 
of 5"/38 double purpose guns, mounts, and ammunition includ- 


ing shells, cartridge cases, and fuses. 


2 - Factory Location. 
The Naval Gun Factory is located in the Kio de Janeiro 


Navy Yard where its installations cover an area oí 98,300 
square feet. 

The primary reason for installation there was the possi- 
bility of using all facilities and industrial services of the 
Navy Yard, such as the Foundry, Forge, Electroplating, and 
Welding shops. 

The reduction of the cost of installation was therefore 
substantial and had to be considered as very important at the 
beginning. 

Considering the space existing on the second and third 
floors of the buildings, the area being used by the Naval Gun 
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Factory totals 138.600 square feet. This area is not all 
reserved for shop work space, but includes also office and 
storage space. 

The factory has all its equipment installed in one build- 
ing, with the exception of the equipment for forging ingots, 
which is installed in the Navy Yard Forging Shop. 


3 - Market. 
The market is only the national market represented by 


the armed forceg. 


iransportati One‏ - با 
Transportation facilities most commonly used:‏ 


1) Maritime transportation. 
2) Railroad to the most important industrial 


centers of the country. 


5 - Power and Fuel. Electric power and fuel are taken from 
the Navy Yard. 


6 - Labor. 

Labor is drawn from the city area which is one of the 
most important industrial centers of the country. The em- 
ployee is hired for a specific job and he is not expected 
to work outside of his trade. 

A 40 hour week is established by law and the work week 
consists of five days of eight hours each and one day of six 


hours. 
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For hours in excess of LO hours per week, the employees 
are entitled to overtime. 

A great difficulty in organizing has been the restricted 
number of foremen and skilled workers. 

The installation of a professional school receiving boys 
from 14 to 18 years old, and training them through a three 
year course, is considered as a long range solution of the 
problem. The first class ofspprentices will be ready at the 
end of 1951. 

The school teaches the fundamentals of mathematics, phy- 
sics, and technology, and trains the apprentices in a variety 
of jobs before specializing them in the last year. Às a re- 
sult of these methods of vocational education, fewer errors 
are made in the choice of specialized workers. 

In accordance with established policy, individual rate 


increases are made by promotion. 


7 = Source of Principal Raw Materials. 

For bar stock the factory is supplied in the Rio de 
Janeiro market or, in some cases, by purchasing in the United 
States. A minimum amount capable of supplying the shop for 
one year at the present rate of production is always kept in 
stock. 

Billets can be ordered from "Volta Redonda" and *Belgo 
Mineira" which are steel mills in the country. 

Stock material is bought in the United States and a 


reasonable amount kept in stock. 
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All special tools, such as jigs and fixtures, are now 
made by the factory.  À minimum of standard tools is kept 
in stock. 

The program of the factory includes the manufacture of 
carbide tipped and high speed steel tipped tools, including 
milling cutters. 

The alloy steels are imported from the United States. 
All other kinds of iron to be used in the foundry, such as 
cast iron, white cast iron, malleable iron, and high test 


cast iron are obtained in the country. 
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I = DETERMINATION OF THE ORGANIZATION OF THE BRAZILIAN 
NAVAL GUN FACTORY 


a) Structure, Line of Authority, Degrees of Responsibilit 
and Corresponding Duties. 
Reference: Chart No. 10 

The factory, though located in the Navy Yard, is under 
the direction of the Bureau of Ordnance, which in Brazil is 
called"Navy Ordnance Directory? 

The affairs ars administered by a "Director", a naval 
engineer officer. 

There are two main departments: 

a) Industrial 

b) Administrative 
The Industrial Department takes care of work directly related 
to production. The Administrative Department deals with per- 
sonnel, purchasing, and general management. 

Its organization is of the functional type. This type 
of organization breaks the job of the old line foreman into 
four parts: 

a) Preparation of work for the machine. 

b) Supervision of machining. 

c) Inspection. 

d) Maintenance. 
The orders and directions are issued from the Industrial De- 
partment. 


This type of organization requires a greater specializa- 
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tion in the skills and abilities of those responsible for 
the supervision of work. 
The Industrial Department is divided into two divisions: 
a) Technical Division 
b) Production Division 
The functions of the Technical Division are: 
a) Preparation oí drawings and blueprints. 
b) Preparation of specifications. 
c) Preparation of publications. 
d) Preparation of technical instructions. 
e) Preparation of photographs. 
f) Preparation of operator's instruction sheets. 
g) Preparation of bills of material for the supply 
department which procures materials. 
h) Provision of technical guidance to other govern- 
ment establishments and private industrial plants. 
i) Preparation of estimates of the cost of proposed 
work. 
j) Supervision of apprentice training program. 
k) Preparation of scheduling dates. 
1) Performance of inspection and tests. 
m) Maintenance of laboratory for inspection of tools 
&nd gauges, and for precision measurement. 
The functions of the Production Division are: 
a) Manufacture of ordnance equipment in accordance 
with the operator's instruction sheets issued by 


the Technical Division. 
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b) Development and installation of effective methods 
of production. 

c) Assistance to other government establishments and 
private industrial plants in connection with manu- 
facture of ordnance. 

d) To obtain from the Personnel Division of the Admin- 
istrative Department the necessary number of work= 
ers to accomplish the job orders. 

e) To obtain from the Technical Division all details, 
instructions and drawings necessary to clear up 
the manufacturing of some ordnance piece or equip- 
ment. 

f) Carry on a continuing program for the moderniza- 
tion and improvement of machinery and tooling» 

g) Operate the plant's tool cribs. 

h) Take care of the safety of the plant. 

i) Take care of the maintenance of machine tools, 
materials handling, and buildings. 

j) Take care of the maintenance of the electrical 
equipment. 

The MALA Evo Department is divided into three 
divisions: 

&) Personnel Division 

b) Purchasing Division 

c) General Management 

The duties of the Personnel Division are: 
a) Maintain basic civilian personnel records and 


prepare reports. 
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b) Provide tests and examinations for personnel 
placeuent. 

c) Analyze personnel needs of the factory. 

d) Recommend policy and procedures concerning 
placement, 

e) Wage administration. 

f) Administer programs of services for employee 
and management benefit. 

E) Provide services for promotions, demotions 
and separation actions. 

h) Merit rating. 

i) Vacations. 

j) Recreation. 

k) First aid. 

1) Time-keeping. 

m) Plant-guerds. 

n) Fire protection. 

The duties of the Purchasing Division are: 

a) Procure from commercial sources services and 
materials for manufacture and maintenance 
operations. 

b) Determine methods of commercial procurement. 

c) Select vendors. 

d) Prepare orders and contracts. 

e) Administer funds. 

f) Maintain records. 


g) Take care of stores. 
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The duties of the General Management are to: 

a) Advise and assist the management in making 
improvements. 

b) Keep the Director informed on current work 
programs. 

c) Provide assistance and guidance in personnel 
management and in administrative services. 

d) Furnish technical assistance in meeting per- 
sonnel, budgetary, fiscal and administrative 
management problems. 

e) Administer the budget. 

f) Prepare and present budget justifications. 

g) Provide fiscal wervices for the factory. 
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II - DETERMINATION OF THE OPERATION OF THE BRAZILIAN 
NAVAL GUN FACTORY 


a) Manufacturing of the Product 
1 - Introduction 

The installation of the machines was begun at the same 
time that work was being organized, men taught and trained. 
In order to develop interest for the work being done, some 
of the parts of the gun were brought into production. 

To the considerable amount of work already being car- 
ried by the very few engineers in the factory was added the 
problem of substituting materials for the ones specified in 
the drawings. This led to the casting forging and heat 
treating of ingots that in many cases would only have called 
for the purchase of materials of current use in the United 
States. 

As was said before, the Naval Gun Factory is equipped 
for the manufacture of 5"/38 double purpose guns and mounts, 
and ammunition (including shells, cartridge case and fuges); 
but to remain within the scope of thisthesis, the product 
studied will be the gun barrel. 

2 - The manufacturing processes will be studied in three 
distinct parts: 

1 - Manufacturing the ingot. 

2 - Manufacturing the gun barrel forging. 

3 - Manufacturing the gun barrel. 
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1) Manufacturing the ingot. 

The Navy Yard makes its own steel. There are installed 
two electric furnaces of the arc type. Their nominal capaci- 
ties are 10 and 6 tons. Ingots are cast into modern types of 
molds purchased in the United States. Steel analyses are 
made in the chemical laboratory of the foundry. 

Special alloys are imported from the United States. 

The chemical composition of the steel required is the 
same as is used in the National Forge & Ordnance Co. 

The dimensions of the ingot are the same as those used 
in the Naval Gun Factory. 

2) Manufacturing the gun barrel forging. 

From the foundry the ingot is taken to the forge, which 
is an other building in the Navy Yard. In this building the 
major unit is a 3,000 ton "Eumuko" Hydraulic Forging Press. 

There are two furnaces for pre-heating and one for heat- 
ing. Preheating treatment is considered to be some thermal 
treatment involving a slow rate of heating. Heat-treatment 
is much faster. 

The process used is the following: 

a) O Hour - Fire the first pre-heating furnace and 
put in two ingots. 

b) 10 Hour - Fire the second pre-heating furnace and 
put in two ingots. 

c) 20 Hour - Remove the ingots from the pre-heating 
furnace number one and place them in the heating 
furnace. Lower the temperature of pre-heating 


furnace No. 1, to receive two more ingots. 
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d) 29 Hour - Remove the two ingots from the heating 
furnace and forge to a 19à" octagon in the press. 

e) 30 Hour - Remove the two ingots from pre-heating 
furnace No. 2, and place them in the heating fur- 
nace. Lower the temperature of pre-heating fur- 
nace No. 2, to receive two more ingots. 

Based on the above process and the actual equipment of 
the forge shop, we can have two 5"/38 barrels forged at 
every 10 hours. 

3) Manufacturing the gun barrel. 

Reference: Layout of the plant. 

The factory has all drawings, tools and operator's in- 
struction sheets made in accordance with the english system 
of measures; and all workmen are being familiarized with ít 
and with the general drafting rules followed in the United 
States. Threads, fits and allowances follow the American 
Standards. Whenever it is possible, the same symbols are 
used. 

The machines are generally of a size above the actual 
need for the manufacture of 5"/38 gun. 

The actual rate of production is 18 gun barrels per 
year. 

a) Before the radial expansion 

The forgings are rough turned on a Niles 30" Heavy Forge 
Lathe made by The General Machinery Co. of Hamilton, Ohio. 

There is not a special machine to determine centers. The 


forgings are rough turned at the breech, spotted for a steady 
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rest, faced at the ends, and opened up for a rough bore. 

The forgings are rough bored in one boring machine made 
by the Cincinnati Machine Co., Cincinnati, Ohio. Three suc- 
cessive borings are made to get the final dimension of 4.652" 
before the radial expansion. 

b) Heat treatment 

The heat-treatment is done in a vertical furnace 5* in 
diameter and 30* deep. This treatment consists of normaliz- 
ing, quenching and drawing. The gun barrel is supported in 
the heat-treatment by means of a collar left on the muzzle 
end. 

Straightening after heat-treating, when necessary, is 
carried out at one 500 ton Hydraulic Straightening Press 
manufactured by The A.B. Farquhar Co. 

c) Radial expansion. 

Special equipment is used similar to those used at the 
Naval Forge & Ordnance Co. 

The forging, after the introduction of the arbor and 
packing, is expanded in separate pressure stages. The first 
stage corresponds to a pressure of 79,210 p.s.i., and the 
last to 45,200 p.s.i. 

d) After radial expansion 

After radial expansion the operations are done in the 
following sequence: 

d1) Turning to dimensions: 
Maximum diameter: 13.100" * .010" 
Minimum diameter 8.050" 
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The test specimens are cut from the breech end with a 
thickness of 1.50" to determine whether the alloy steel will 
meet the physical requirements. 

d2) Finish bore to the final diameter of 4.99". 

d3) Inspection with a star gauge. 

d4) Bore out chamber to 5.30" diameter and a length 
of 28.65", starting from breech. This operation 
is performed on the Niles Boring Machine. 

d5) Inspection. 

d6) Grind the chamber. 

d7) Finish turn in the Niles engine lathe to the 
prescribed dimensions. 

dê) Cut threads, in the Niles engine lathe. Snap 
gauges are used to check the thread dimensions. 

d9) The gun barrel is rifled, using a white rifling 
head and a grooved bar. The number of cutters 
is 45. 

dl0) Polish after rifling. 

d11) The extractor slots are milled in the breech end. 

dl2) The key way is cut and the threads interrupted. 

d13) Chrome plate the bore. 

The equipment consists of a chrome tank, a wash tank, 


and a polishing head. 


b) Plant Equipment 
All the equipment has been bought in the United States. 
All ingots are made in the Foundry Shop. 
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All forgings are made in the Forging Shop. 

All special tools, such as jigs, fixtures, and gauzes 
are now made in the factory. 

Standard tools are bought in the open market. 

A laboratory maintained in connection with the inspec- 
tion of gauges and tools, including the testing of optical 
elements and instruments, is equipped for any kind of preci- 
sion measurement. 

Summary, showing in each shop of the factory the machines 
required to manufacture the product being studied: 

1 - FOUNDRY SHOP 


Electric melting furnace, capacity 10 tons. 


Electric melting furnace, capacity 6 tons. 


Furnace transformer. 


Pouring Pit. 


1 
1 
1 
1 
1 - Ingot heating and soaking pit. 
1 


- X-ray Machine. 
Notes A chemical laboratory and a metallurgical laboratory 
are availabie in this shop. 


2 =- FORGE SHOP 


3,000 ton Hydraulic Forging Press. 


Porter bar 


Pre-heating furnaces. 


Y N Fa‏ اسا 
d‏ 


Heating furnace. 


3 - GUN SHOP 
Kiles 30" Heavy Forge engine lathe. 


> 
1 
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l - Niles 30" Boring Machine. 

1 - 42" x 20° American Super-productive engine lathe. 

1 - 42" x 60° American Super-productive boring machine. 
1 - Niles 6" Rifling machine. 

1 - Electric Vertical Cylindrical furnace. 

1 - Horigontal Boring Machine. 

1 


500 ton Hydraulic straightening Press. 


c) Laycut of the Plant 
The installation covers an area of 98,300 square feet. 
This area is not all reserved for shop work space, but in- 
cludes stores and tool rooms. 
The shops engaged in the marufacture of ordnance equip- 
ment are grouped into three major categories: 
a) Foundry Shop 
b) Forging Shop 
c) Naval Gun Factory 
cl) Gun Shop 
c2) Shell Shop 
c3) Cartridge Case Shop 
ch) Fuse Shop 
c5) Optical Shop 
c6) Fire Control Shop. 
The items (a) and (b) are component parts of the Navy Yard. 
In our layout we will consider only the machine tools of 
the Gun Shop involved in the manufacture of the gun barrel. 
The machines are in general grouped according to the type of 


operation they perform. 
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III = DETERMINATION OF THE PAPER WORK INVOLVED IN THE 
BRAZILIAN NAVAL GUN FACTORY 


a) Standard Process Sheet 


We do not have, in our factory, a special form of pro- 
cess chart-product analysis. The description of the product 
is made by a collection of blueprints. in some cases we have 
a verbal description of the process to be followed. 

The Process sheet is, however, a good way to describe 
the method prior to performance, listing the work required 
to modify a product in a logical sequence of operations. 

Without the process sheet we do net have in a simple 
form the important summery of: 

a) Operations 
b) Materials 
c) Tools 
d) Man-hour allowances 
e) Set-up time 
f) Work stations 
g) Estimated cost 
The process sheet is an aid in obtaining the best process bə- 


fore beginning the work. 


b) Process Chart-Product Analysis 
"A process chart-product analysis is a graphic means of 
portraying the separable steps of the procedure involved in 


performing the work required to modify a product from one 
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stage of completion to another. 

"Process-charts-product analysis should be made whenever 
possible for all materials, prior to the inception of produc- 
tion, to aid in obtaining the best possible process and layout 
before the beginning of work. 

“in all cases of plant layout and process planning, the 
process for the contempleted components or products should be 
made in connection with the plans for layout and used to ob- 
tain the best possible process and layout: that is, least hand- 
ling, least number of operations, least scrap, best control, 


and smallest workable in-process inventory." i 


OPERATORS INSTRUCTION CHART 

Reference: Figure No. 9. 

This type of chart is the one most used in our factory. 
Details of each particular operation and the sequence of the 
steps are written as well as the drawing or sketch related to 
the operation with all necessary symbols, dimensions, and 
tolerances. 

Based on technical knowledge and experience, and on 
records of previous work, the most efficient procedure for 
each operation is established in detail. 

It should be noted that an operator's instruction chart 
la set up for technical purposes as a standard plan of per- 


formance for an operation on a part piece or assembly. 





l. Mundel, M.E., "Motion and Time Study Principles and 
Practices," New York, Prentice Hall. 
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These charts, prepared by the Technical Division of 
the Industrial Department, are issued to the shop for the 


instruction of foremen and operators. 





161 
SECTION FIVE 


RECOMMENDATIONS FOR INSTALLATION OF PRODUCTION PLANNING IN 
THE BRAZILIAN NAVAL GUN FACTORY, BASED UPON THE STUDY DONE 
IN THE PREVIOUS CHAPTERS 


l- rod n. 

The history of modern factory systems culminated in the 
automatic machines of today, producing great numbers of parts, 
so nearly alike that they are interchangeable in any mechan- 
ism with perfect results. 

Mechanisation is not enough, however. The human element 
continues to be indispensable and the most important part of 
the situation. 

The issuing of an order to the superintendent of the 
Manufacturing Department does not insure that the order will 
be carried out. 

The production difficulties mst be eliminated before 
starting the work. An economically sound and workable plan 
establishing how production is to be achieved must be traced. 

It was the purpose of this thesis to show the importance 
of planning for production, and to arrive at sugzestions on 


how to introduce this technique in a manufacturing plant. 


2 = rial En ering. 
Production planning is one phase of the very large field 
of Industrial Engineering. 
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Industrial Engineering involves a great number of acti- 
vities, a complete discussion of which would require an entire 
volume, A definition given here, at Purdue, is enough to show 
its complexity: 

"Industrial Engineering is that branch of engineering 
wherein special knowledge of the methematical and physical 
sciences and applied psychology together with the principles 
and methods of engineering analysis and design, acquired by 
professional education and practical experience, are used in 
order to solve, in a scientific manner, the problems of de- 
Signing and controlling an integrated, industrial, human 
group activity, the related physical facilities, and the ac- 
companying pattern of inter-relationships.* l 


3- e P on P System? 

Production Planning came to be looked upon as an essen- 
tial part of every industrial organization. Its main purpose 
is the design of processes, determining methods, operations, 
and gequences of operations. Every person in this activity 
is there to make it possible for those in the shop to attain 
greater efficiency, and to secure the best utilisation of the 
equipment and the plant as a whole. 

In a general way we can say that in planning the produc- 


tion we are going to: 


CELE A a ee ادد اا‎ 
1. Department of General Engineering, Purdue University, 1951. 
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a) Determine the best way to do the job. 
b) Select the best kind of machine tool for it. 
c) Issue instructions to the shop regarding the 
proper method of doing it. 
With this system we are taking the matter of planning out of 
the worker's hands and leaving all of his free time for pro- 
ductive labor. 

If the function of planning is left to the worker, he 
not only takes up part of his time in doing the planning, but 
may not reach as satisfactory a solution as the planner. If 
this function is considered to be a worker's duty, every 
time the job has to be performed the planning procedure mist 
be outlined again. There will, also, not be records of the 
processes and methods used in the plant. 

To select the machines the new job can be studied regard- 
ing the machine tools available in the plant so that the mach- 
ine which most nearly fits the requirements will be used. 
Sometimes an alternate machine can be considered, to perform 
the job in consideration. 

All of the points that have been discussed are intended 
to show how much a well organized Production Planning Depart- 
ment helps the management of a plant. 

Based upon the comparative study done between the Nation- 
al Forge k Ordnance Co. and the U.S. Naval Cun Factory, an 
organisation chart for the Naval Gun Factory, in Brasil, will 
be outlined in order to locate the proposed production plan- 
ning function in this industrial enterprise. 
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I = RECOMMENDATIONS FOR THE ORGANIZATIONAL STRUCTURE AND 
POSITION OF PRODUCTION PLANNING IN THE ORGANIZATION 


References: Charts Number 10 and 11. 
Following the Chart No. 10 (structural) of the Brazilian 
Gun Factory, we can see that its affairs are administered by 
the Director, a naval engineer officer, through the heads of 
the two departments: 
a) Industrial. 
b) Administrative. 
It is recommended that its affairs be administered by the 
Director, a naval engineer officer, through the heads of four 
departments: 
a) Finance, 
b) Engineering. 
c) Production. 
d) Personnel. 
Finance should include: 
al) Costs & Accounting. 
a2) Payroll 
a3) Purchasing 
This department would accumulate and maintain detailed 
manufacturing, maintenance, and operating expenditures data 
and records for purposes of complete cost accounting and bud- 
getary control; certify and pay civilian payrolls, and pro- 
cure from commercial sources services and materials, select- 


ing vendors and preparing orders and contracts. 
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In the actual organization the Industrial Department is 
divided into two divisions: 

a) Technical Division. 
b) Production Division. 

The duties in the American organizations studied which 
are attributed to "Engineering" are included in the duties of 
the Technical Division of the Brazilian Naval Gun Factory. 

It is recommended that a new department in the Brasilian 
Naval Gun Factory be established and called the "Engineering 
Department". 

The Engineering Department should include: 

bl) Design. 

b2) Quality Control. 

b3) Research. 
This department would design ordnance equipment and improve 
existing designs; design inspection gages; develop test speci- 
fications and supervise tests and inspections of the ordnance 
equipment; prepare production drawings and specifications; 
provide parts and lists and information on material; prepare 
pamphlets; have custody of all drawings; reproduce and dis- 
tribute drawings, sketches, specifications, standards, ord- 
altel and related data, and supervise all the ordnance re- 
search. 

The Production Division is one part of the Industrial 
Department of the Brazilian Naval Gun Factory. 


l. This is an abbreviation of the term “ordnance alteration". 
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A new department is recommended, which will keep the 
same name "Production". The Production Department will in- 
clude a supply division and a shop division. 

The supply division should consist of: 

cl) Maintenance. 

c2) Stores. 

c3) Receiving. 

eh) Shipping. 

The Shop Division should be sub-divided into: 

c5) Gun Shop. 

có) Shell shop. 

c7) Cartridge Case Shop. 

c8) Fuse Shop. 

c9) Fire Control Shop. 

c10) Optical Shop. 
The production department should be directly related to the 
manufacture of the product and concerned with the problem of 
coordinating the elements of production: labor, material, and 
manufacturing facilities. 

The Production Department would manufacture and assemble 
ordnance equipment, spare parts, tools and accessories; con- 
trol the manpower distribution within the divisions; provide 
operating assistance and technical guidance to other govern- 
ment establishments and private plants in connection with 
manufacture of ordnance; receive, preserve, pack, store, 
issue, ship or deliver all material from other naval activi- 


ties, shops and commercial firms: and assure proper factory 
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maintenance and upkeep. 

In the Brazilian Naval Gun Factory, personnel is one 
division of the Administrative Department. 

A separate "Personnel Department” is recommended deal- 
ing with: 

dl) Selection and Placement. 

d2) Induction and Training. 

d3) Employee Services. 

d4) Merit Rating. 

d5) Safety. 
The Personnel department would advise and assist in carrying 
out personnel management; maintain civilian personnel records; 
analyze personnel needs, recommend policy and procedures con- 
cerning selection and placement; provide technical advice and 
assistance on training matters, conduct programs at its own 
school; assist in the induction of new employees; provide 
beneficial suggestions, food services, medical assistance and 
other morale activities; recommend policy and procedures to 
rate the merit of employees; and provide plant-guards, fire 
protection and industrial safety. 

In the Brazilian Naval Gun Factory there is no Industrial 
Engineering Division. 

Developments of the last ten years have brought Industrial 
Engineering to great prominence in industry throughout the 
United States. This new department would lead to the scienti- 
fic solution of industrial problems of production, personnel, 


and management. Industrial Engineering 18 concerned princi- 
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pally with plant, equipment, and production methods. Its 
major objectives are efficiency of manufacture, prevention 
of waste, and cost reduction. 

It is recommended that a new department be established 
with an advisory function ín the organization, including as 
divisions: 

el) Production Planning. 
e2) Production Control. 
e3) Plant Layout. 

ek) Motion and Time Study. 

This department would develop manufacturing processes, 
determining and recording methods, sequences of operations 
(including inspections), and tools for each operation; assign 
work operations to appropriate groups of machines; determine 
manehours for set-up and operation; organize the paper work 
involved in the manufacture with the purpose of control; de- 
termine new layouts to get the best work flow; develop stand- 
ards; and provide technical guidance and assistance in the in- 
stallation of approved plans. 

After a study of the recommended organizational structure 
which is the relationship between people in the organization 
required to form an effective working group, we can locate the 
Production Planning activity in our industrial enterprise. 

The organization consists of a number of unit organizations 
or cella. All organizations grow by additions to these cells. 
The installation of the Industrial Bagineering Department in 


the organizational structure brought a bundle of these organ- 
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izational cells. The "Production Planning Division", is 


then a new organizational cell of the new "Industrial Engi- 


neering Department". 


fhe Industrial Engineering Department will have a staff 


function in the proposed combination line-and-staff type of 


organization. 


The functions of the Production Planning Division will 


Determination of methods, operations, and se- 
quence of operations. 

Determination of inspections, gazes, and 
tools required for each operation. 
Distribution of work operations to appro- 
priate shops and to machine groups within 
the shop. 

Estimation of set-up and operation time. 
Preparation and release of "standard 

Process Sheets". 

Preparation and release of "Process charts- 
Product Analysis" and "Operator's Instruc- 
tion Charts", when necessary. 

Preparation of flow diagrams. 

Provision of technical advice and assistance 
on and review of industrial engineering 
matters. 

Development of long-range plans and specific 
projects aimed at improving the operation of 


the factory in the field of manufacturing 


£1) 


£2) 


£3) 


fk) 


f5) 


£6) 


£7) 
£8) 


£9) 
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processes, including the conduct of such 
studies and investigations. 

f10) Assistance in overcoming obstacles arising 
in the installation of approved plans con- 


cerning new methods. 
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III - PAPER WORK RECOMMENDED FOR THE PRODUCTION PLANNING 
FUNCTION OF THE ENTERPRISE 


1 - Standard Process Sheet. 
Reference: Figure No. 10. 


a) Definition 
A "Standard Process Sheet" is a special form of a pro- 
cess chart-product analysis, listing the work required to 
modify a product. 
b) Code 
This is a combination of numbers or numbers and letters 
to designate the form, in accordance with the "Code Manual" 
of the factory. 
c) Purposes 
cl) To specify all production operations in their pro- 
per sequence, following a pre-determined process- 
ing method. 
e2) To assign work to shops and to functional groups 
within the shops. 
c3) To indicate the machine tools or equipment to be 
used. 
ck) To determine the estimated times for the operations. 
c5) To determine the estimated times for the set-ups. 
c6) To indicate tools and gages necessary. 
c7) To determine part, assembly or sub-assembly iden- 
tification. 
cB) To determine material identification. 
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d) Responsibilities 
dl) The Standard Process Sheet should remain under the 


jurisdiction of the head of the Industrial Engi- 
neering Department, who exercises advisory direc- 
tion over the entire manufacturing process. He 
must make & general review of the sheet planned by 
the Production Planning Division, and send it in 
to the Production Department. 

The head of the Production Department, after making & 
careful study of the process and the tools involved, issues 
the sheet to the head of the Shop Division. 

The supervisor of the shop, in this particular case the 
gun-shop, reviews the processing and tooling in order to plan 
its accomplishment within the shop, to note any discrepancies 
which may have been overlooked and call them to the attention 
of the superintendent of the Shop Division, or to propose al- 
ternative methods better suited to the shop conditions. 

e) Standard Operation Procedure 
el) The Industrial Department should receive the copies 
of the production drawings, specifications and bill 
of materials from the Engineering Department. 
e2) The Industrial Department should receive from the 
Finance Department the information concerning the 
amount of authorized funds allocated to the job in 


consideration. 
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e3) Based on the data of the previous items, the Pro- 
duction Planning Division fills out the Standard 
Process sheet. 
el) After a general review and criticism of the pro- 
cessing and tooling planned by the Production 
Planning Division, the head of the Industrial De- 
partment sends the Standard Process Sheet to the 
Production Department. 
e5) From the office of the Production Department, the 
sheet goes to the Superintendent of the Shop Divie 
sion and then to the Supervisor of the shop in con- 
sideration (Gun Shop in this case). 
e6) The Supervisor of the shop, together with the work- 
ers he considers necessary depending on the kind of 
job to be performed, reviews the processing and 
tooling specified in the sheet, in order to evalu- 
ate its soundness. 
e7) When tools, material, prints, Standard Process 
sheet, and when necessary, the Operator's instruc- 
tion chart, are available in the shop, the super- 
visor is ready to give the order to start the job 
in accordance with the outlined process. 
f) Drawing of the form 
fl) Head 
1) Factory Name 
2) Title: Standard Process Sheet 
3) Code: In accordance with the "Code Manual" 


of the factory. 
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h) Department name. 
5) Part name, 
6) Part number. 
7) Quantity. 
8) Date issued. 
9) Date superseded. 
10) Material identification. 
11) Prepared by - Standard Process Sheet clerk. 
12) Examined by - (head of Production Planning 
Division) 
13) Approved by -(head of Industrial Engineering 
Department). 
14) Assembly Number. 
15) Sub-Assembly Number. 
£2) Body 
1) Operation number. 
The numbers in this column indicate the 
sequence cf operations. 
2) Operation Description. 
This shows the operations necessary to manu- 
facture the article or part in the sequence 
established by the column "Operation Number". 
The work units are listed within each opera- 
tion in the order required by the process. 
3) Shop name or number. 
Ah) Machine name. 


After grouping the work units into operations 
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&nd arranging the operations in the proper se- 
quence, we now determine the machine tool within 
a particular shop to perform the work. 
5) Set-up time. 
The standard set-up time is set operation by 
operation. The standard times are obtained from 
existing data if available, or else by time stud- 
ies. If some alteration takes place ín the pro- 
cess or in the equipment, the standard time is 
again determined from the time studies made by 
the Motion & Time Study Division of the Industri- 
al Department. 
6) Operation time. 
The same procedure that was used in item 5 is 
applied to the determination of the operation 
time. 
7) Pieces per unit time. 
This column gives the number of pieces manufac- 
tured in a certain unit of time. 
8) Tools. 
The purpose of this column is to provide the mame 
or code number of the special tools and gages re- 
quired for each operation. The standard tools 
and gages will be referred to as "standard" in 
these columns. 
g) Procedure for development of Standard Process Sheets: 
gi) The first task that mist be accomplished by the 


Production Planning Department is to obtain the 
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approximate volume to be produced. This part 


is the aim. 
The analysis of the job means that each separate 


part must be considered and the work units deter- 
mined to convert the raw material into a finished 
part. 

Collect all basic data available for the particu- 
lar industry, in order to make an intelligent 
choice of equipment. 

When the work units have been determined, the next 
Step is to group them in a logical sequence. The 
machines on which the operations are to be per- 
formed and their locations in the shop will have 
& considerable weight in determining this. In 
synthesizing we are selecting the style and size 
of the machine for each operation and grouping 
the work in the proper order. For each operation 
the special tools, jigs and fixtures must be indi- 
cated. 

Make rough cost estimates in order to check on 
price requirements. 

After the Standard Process Sheet has been com- 
pleted, the Production Planning Department must 
provide Operator's instruction sheets, for the 
operations to be performsd. When the Standard 
process sheet and the operator's instruction sheet 


are completed from the blueprints, all details of 
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the work have been carefully worked out by the 
Production Planning Department. Now the “workmen” 
have only to follow instructions in order to manu- 
facture the product in the most economical fashion. 
We can now release the technical paper work to the 
proper personnel and start the installation of the 
method. In the general procedure for planning the 
production this phase is called "Application." 

g7) The design of a process is not completely finished 
when the scientific approach based n the above 


steps, i.o., aim, analysis, basic data, synthesize, 
check and application, has been gone through just 
once. 


2 - Process Chart - Product Analysis 
Reference: Figure No. 11. 


a) Definition 
"A Process Chart-Product Analysis is a graphic means of 
portraying the separable steps of the procedure involved in 
performing the work required to modify a product, from one 
stage of completion to another". 
b) Code 
In accordance with the "Code Manual" of the factory. 
c) Purposes, How made, How used,and Symbols, are the same 
as encountered in the "Motion and Time Study" text book of 
G.E. 128. 


l. "Motion and Time Study Principles and Practice", M.E. 
Mundel, Prentice Hall, New York, 1950. 
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Machine No. .— : 
Operation No.  _ 
Part No, 
Chart bw: 
Date charted 


7" 
Type of Chart 
Method 
Operation 


Part name 
Operator— 
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f2) Body. 
1) Quantity 
2) Distance 
3) Symbol 
L) Explanation 
f3) Summary. 
It contains the total amount of each symbol used 


in the chart. 


3 - Operators Instruction Chart. 
Reference: Figure No. 12. 


a) Definition 
The "Operator*s Instruction Chart" is a drawing, blue- 
print or sketch with all necessary symbols, dimensions and 
tolerances, in which details of each particular operation and 
the sequence of the steps are written. 
b) Code 
In accordance with the "Code Manual" of the factory. 
c) Purposes 
cl) As a standard plan of performance for an operation 
on a part piece or assembly. 
c2) For the instruction of supervisors, foremen, and 
operators, when necessary. 
d) Responsibilities 
These charts are the responsibility of the head of the 
Industrial Engineering Department. They are prepared by the 


Production Planning Division. The supervisor of the shop 
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reviews the chart. 
e) Standard Operation Procedure 
el) Based on the blueprints sent from the Engineering 
Department and on the Standard Process Sheet, the 
Production Planning Division prepares the chart in 
cooperation with the motion and time study division. 
e2) After a general review and criticism, the head of 
the Industrial Department approves the chart and 
sends it to the Production Department. 
e3) From the office of the Production Department, the 
sheet goes to the Superintendent of the Shop Divi- 
sion and then to the supervisor of the shop in con- 
sideration. 
f) Drawing of the form 
fl) Drawing of blueprint or sketches, with dimensions, 
tolerances and symbols. 
f2) Detailed description of the operations in sequence. 
f3) Title 
1) Factory name 
2) Department name 
3) Operation name 
l) Drawing references 
5) Drawing or blueprint number. 
6) Scale 
7) Revisions 
8) Prepared by 
9) Checked by 
10) Approved by 
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CONCLUSION 


INTRODUCTION OF PRODUCTION PLANNING IN THE BRAZILIAN 
NAVAL GUN FACTORY 


The first step toward the installation of this industri- 
al activity should be an educational movement to sell the 
principles and purposes of the new industrial activity. 

People tend to resist innovation. This may be taken as 
axiomatic. 

The "human factor" is a most important problem to be 
considered in the integration of "Production Planning" into 
the organization. 

The various steps for installation in a proper sequence 
will be traced in order to prevent going ahead too fast. 
Tact, determination, and perseverance will be indispensable 
until the idea of a production planning system has been sold 
to the personnel. 

In the beginning, the installation usually involves a 
certain amount of confusion among the workers. It is there- 
fore necessary to prepare the supervisors and workers in ad- 
vance of the actual change. Adjustments among management 
personnel will be as serious as among the workers. A change 
from the original set-up to the new one involves changes in 
the duties and responsibilities of the top level of manage- 
ment. 


The new duties, responsibilities and communications among 
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the branches of the organization must be studied and planned 
well in advance of the change. If plenty of time is allowed 
for the various members of the organization to become accus- 
tomed to the plan and to talk it over before installation, 
many future difficulties will be prevented. 

Regardless of how the production planning system is intro- 
duced into a plant, the final decisions and the details of the 
system will depend largely on the type of manufacturing. this 
was the reason why the recommendations for installation of the 
activity were based on the study of two factories which are 
engaged in the same kind of work. The author is convinced 
that a production planning system will eliminate many of the 
present difficulties and will reduce production costs in the 
long run. 

When the management is sure of the advantages and wisdom 
of the new activity, the installation will further coopera- 
tion between the several branches in the plant. 

From the recommendations now being made, a tailor-made 
plan will result to satisfy all the requirements. 

For the installation of the new activity a committee 
should be appointed within the factory. The committee should 
be composed of members of the present Industrial and Adminis- 
trative Departments, under the effective direction and coor- 
dination of the factor's director. 

The committee should be informed in detail of the plants 
content and have the benefits explained to it. The success 


of the plan will depend upon the attitude of the committee 
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toward it. Absolutely no doubt of its value must, remain 
after the discussions, 

By the installation of this activity in the "Brazillan 
Kaval Gun Factory", the author is sure that production will 
be improved leaving more time for creative thinking and plan- 
ning for the future. 

Many adjustments will be necessary before the introduc- 
tion of this new industrial activity is successfully complet- 
ed. 

To quote Lillian M. Gilbreth, a pioneer in Industrial 
Engineering; 

"Processes are orderly procedures, or methoós, or rules 
of ways of doing things. They are complicated enough anyway. 
We want to make them as simple as we can. They have their 
operating side and their human relations side. 

"In this field unless we have cooperation all the way 
along the line in getting ideas for simplification of work 
and putting the ideas into effect, they will not be of any 
particular value to anyone". 

If we get thís cooperation "all the way along the line" 
from the human element, "Production Planning" based on the 
fundamental principles and practices learned in the United 
States can be introduced and maintained in the Brazilian 


Naval Gun Factory. 
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